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ABSTRACT

Aim & Hypothesis: The objective of this study is to determine the influence of marijuana smoking
on peri-implant health parameters and on marginal bone loss (MBL) around dental implants with
at least 1-year of follow-up after loading. It was hypothesized that implants in marijuana smokers
would display a higher prevalence of peri-implant diseases and more marginal bone loss than

implants placed in non-smokers.

Materials and methods: Electronic health records and intraoral digital radiographs taken at time
of implant placement (T1), time of loading (T2) and at least one-year post-loading (T3) were
reviewed, and retrospectively analyzed to determine the association between implant diagnosis,
MBL and smoking status. Differences in bone levels between the marijuana-smoking and non-
smoking groups as well as between implant diagnoses in both groups were analyzed with mixed
effects linear regression. Multivariate mixed-effects regression models were conducted to assess

the effects on potential confounders.

Results:

A total of 122 dental implants from 75 subjects were included in our analysis. Our results
demonstrated that the marginal bone level (from T1, T2, and T3) was -0.239 mm + 1.22 mm, 0.87

mm £ 1.17 mm and 1.395 mm £1.32 mm for implants in non-smokers, and -0.6271 mm +1.16



mm, 0.881 mm £1.25 mm and 1.878 mm %£1.76 mm for implants in marijuana smokers. There was

a statistically significant difference between both groups (p<0.05) (after adjusting for co-variates).

No significant association was seen between peri-implantitis and smoking status or between
peri-implant mucositis and smoking status individually. However, a statistically significant
association between peri-implant disease prevalence and smoking status was found after
adjusting for confounders. Fifty nine percent of implants in marijuana smokers were diagnosed
with either peri-implant disease compared to only 33% in the non-smoking group. Implants in
marijuana smokers, therefore, exhibited a higher prevalence of peri-implant diseases and

increased MBL when compared to non-smokers.

Conclusions: Within the limitations of this study, we can conclude that implants placed in
marijuana smokers are less likely to remain healthy after loading, with a higher prevalence of
peri-implant diseases; and implants display more MBL in marijuana smokers than in non-smokers.

Further longitudinal studies with larger sample sizes are needed to confirm these findings.



Dedication

This thesis is dedicated to my family who have given me immense support during my journey.

This could not have been possible without you.



Acknowledgements:

Thank you to my colleague Dr. Maxwell Perelgut for his help screening patient charts for

inclusion/exclusion into the study.



TABLE OF CONTENTS

Title Page
Thesis Committee
Acknowledgements
Dedication
List of Tables
List of Figures
List of Abbreviations
List of Symbols
Introduction
Aim and Hypothesis
Materials & Methods
Statistical Analysis
Results
Discussion
Conclusions
Appendix

Bibliography

10

11

12

13

14

18

20

26

27

40

46

47

60



LIST OF TABLES

Table 1.
Table 2.
Table 3.

Table 4.

Table.5

Demographics of included subjects
Demographics of included implants
MBLatT1,T2, T3

Peri-implant diagnosis

Implant survival

10



LIST OF FIGURES

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.

Radiograph calibration and MBL measurements
Frequency of implant site

Frequency of implant site per group

Frequency of implant length

Frequency of implant diameter

Frequency of deepest PD

Mean MBL at T1, T2 and T3

11



LIST OF ABBREVIATIONS

PA — Periapical

BW — Bitewings

PD — Probing depth

BOP — Bleeding on probing

SUP — Suppuration

fBIC — First bone to implant contact

MBL — Marginal bone loss

12



LIST OF SYMBOLS

mm: millimeters
<: Less than
> : Greater than

t : plus/minus

13



INTRODUCTION

Dental implants have steadily risen in popularity over the past few decades to replace missing

teeth with the goal of restoring esthetic, functional, and occlusal components as a viable
alternative to fixed and removal prostheses(1). Systematic reviews have shown high success and
survival rates of 95% and 89.7%, respectively (2). Although the definition of success has varied
over the years with an increase of factors and complexity, the first widely accepted criteria of
implant success were first described by Albrektsson in 1986 as the absence of mobility, peri-
implant radiolucency, symptoms of pain or acute infection, and a steady progression of MBL of
less than 2mm during the first year of function and less than 0.2mm of MBL every following

year(3).

Albrektsson described MBL within the first year of dental implant function as a normal
remodeling process of the bone surrounding the implant in a physiologic response to the trauma
induced during implant surgery(4). This initial loss of surrounding bone corresponds to the stages
of wound healing following dental implant surgery, which results in the formation of a layer of
osseous tissue condensing around the implant surface leading to osseointegration(5) . Early MBL
over the accepted range could result from patient-related, operator-related, patient-related
factors, or a combination of the above leading to aseptic loosening of the peri-implant bone and

surrounding of the implant with soft tissue, representing early implant failure (4, 6).
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The phenomenon of MBL is also theorized to result from a remodeling process due to the
formation of a supracrestal tissue attachment complex(7), similar to the concept of biologic width
found around natural teeth(8). The average apico-coronal width of the peri-implant supracrestal
attachment is 3.08mm(9). It is thought that a variety of implant-related, operator-related, and
patient-related factors are associated with the degree of remodeling expected around dental
implants. Recent modifications to implant design, such as surface roughness modifications and
platform-switching, are thought to possibly reduce the degree of MBL around dental

implants(10).

In the past few years, clinicians have become increasingly aware that implants are susceptible to
mechanical and biological complications that can affect their success(11). Peri-implantitis and
peri-implant mucositis are described as the two main peri-implant diseases that affect dental
implants(11). Peri-implant mucositis is described as peri-implant inflammation limited to the soft
tissue around implants, while peri-implantitis is defined as inflammation supplemented by bone
loss after the first year of function(12). A systematic review by Derks and Tomasi estimates a
prevalence of peri-implant mucositis ranging from 19% to 65% and the prevalence of peri-

implantitis to range between 1% to 47%(13).

The increased awareness of these peri-implant conditions and a lack of consensus and
predictable therapeutic options (12, 14) has triggered worldwide research in an effort to
determine the etiology and possible preventative therapies for peri-implant diseases. Many

factors have been proposed to affect the initiation and progression of peri-implant diseases. The
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strongest evidence indicates that a history of periodontal disease, poor plaque control, and lack
of supportive periodontal/peri-implant therapy may be key components in the initiation and
progression of implant diseases(15, 16). Tobacco smoking has also been shown to negatively
impact implant survival and increase MBL in the stages of implant healing although the evidence
is still considered inconclusive(15, 17-20). Other risk factors, such as occlusion, genetics, and
prosthetic design, residual cement have been proposed to also play a role in the pathogenesis of

peri-implant diseases, although with limited and inconclusive evidence (15, 18, 20-26).

Controlling MBL may be crucial to the maintenance of peri-implant health and long-term success.
Galindo-Moreno et al proposed that implants that display over 0.5mm of MBL in the first six

months after loading are predisposed to developing peri-implant diseases in later stages(27).

Although the evidence surrounding the etiology and possible risk factors of peri-implant diseases
is growing, little is known about the effects of marijuana smoking on MBL and peri-implant
health. With a fast movement on countrywide legalization, marijuana is now legally available in
many states for purchase and use for recreational purposes, in addition to medical purposes. The
CDC (Centers for Disease Control) estimates that forty-nine million Americans (16% of the total
population) consumed marijuana at least once in 2019. NHANES data on the effects of marijuana
on oral health suggests that marijuana users are more prone to having deeper probing depths
and severe periodontitis(28, 29). Additionally, marijuana smokers have been determined to

present elevated levels of IL17A and IL23, which are pro-inflammatory cytokines known to
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exacerbate a chronic inflammatory reaction upon dysregulation(30-32) that could be due to an

increased likelihood of initiation and progression of inflammatory conditions(31).

Other in vivo studies conducted on rats have determined that marijuana smoke inhalation may
decrease bone fill around dental implants(33). The effects on humans have yet to be studied and
discovered, but it is thought that marijuana use may affect healing negatively, in turn affecting
implant success(34). This may warrant pre-operative screening of patients who smoke marijuana,
a new proposed risk factor for implant failure, to determine differences in healing patterns and
long-term implant success and in the prevalence of peri-implant diseases(35). Based on the
evidence from the aforementioned studies linking marijuana smoking to poor oral health and a
higher prevalence of periodontal diseases, it is important to investigate its potential effect on

dental implants, which continue to rise in popularity.
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AlM & HYPOTHESIS

Objective: The objective of the present investigation is to determine the influence of marijuana
smoking on MBL around dental implants with at least 1-year follow-up following functional

loading.

Specific aims:

1. Determine the effect of marijuana smoking on peri-implant health parameters and
the prevalence of peri-implant diseases.

2. Determine the effect of marijuana smoking on marginal bone loss around dental

implants at placement, loading and at follow-up.

Hypothesis:

1. Implants in marijuana smokers have a higher prevalence of peri-implant diseases than
implants placed in non-smokers.

2. Implants in marijuana smokers display a larger amount of marginal bone loss than
implants in non-smokers.
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SIGNIFICANCE

The CDC estimates that 49M Americans smoked marijuana at least once in 2019. The number of
marijuana sales has increased considerably more since the beginning of the COVID-19 pandemic
compared to the two prior years(36). This may be due to higher quantities bought by frequent
users or new users aiming to reduce their stress levels due to isolation, mental health issues or
financial hardships caused by lockdown orders.(37) The spike in sales and in use can also be
attributed to a fast legalization and decriminalization movement(38), with access to marijuana
being made simpler by jurisdictions allowing curbside purchasing, online ordering with same-day

delivery services. This also comes with very few mentions of possible adverse effects.(39)

To the best of our knowledge, no studies have been published analyzing the effects of marijuana
use on dental implants. While some evidence suggests its use has negative effects on the
periodontium, other studies suggest it may have a soothing anti-inflammatory effect and could
benefit oral health(40, 41). With marijuana still being banned in many countries, states and on a
federal level in the USA, few establishments have access to a patient pool that uses marijuana on
a regular basis and agrees to disclose their use. As the number of users increases, it is important
to study the potential effects of marijuana on the peri-implant apparatus, to determine whether
specific precautions need to be taken before implant therapy in marijuana-smoking patients.(34,

35)
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MATERIALS AND METHODS

Study Design:

This is a retrospective case-control study design conducted at Tufts University School of Dental
Medicine (TUSDM). Patient Electronic Health Records (EHR) and radiographs were reviewed on
axiUm (dental software) from January 1%, 2004, to December 31%, 2021. The Information
Technoogy (IT) department at TUSDM was contacted to obtain a list of patient electronic health
records who have answered the self-reported questionnaire on marijuana smoking status on
axiUm. Electronic health records (axiUm) and radiographs (MiPacs radiology viewing software)
of patients at TUSDM were reviewed for eligibility in our study, and patients were included if they

adhered to the following criteria:

The inclusion/exclusion criteria for Group A (Marijuana Smokers) were the following:

Inclusion criteria:

1. Patients between the ages of 18 — 80 years(42).

2. Patients who received a dental implant (ADA Code D6010) at TUSDM between
1/1/2004 and 12/31/2021.

3. Implant radiographs at T1 (Placement), T2 (Loading), and T3 (minimum 1y after
loading). Bitewings were preferred but PAs were used when Bitewings were

missing/not usable.
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4. Patients who have reported “yes” to marijuana smoking within the last twelve
months of the most recent periodontal examination.
5. Patients who have responded “No” to tobacco smoking.

6. Patients who have responded “No” to e-cigarette smoking.

Exclusion criteria:

1. Panoramic radiographs only.

2. Incomplete peri-implant periodontal charting.

3. Missing baseline/follow-up implant radiographs.

4. Patients with uncontrolled systemic diseases such as cardiovascular disease,
acquired immunodeficiency syndrome, uncontrolled diabetes, and hepatic and renal
diseases (Patient records and notes were checked for HbAlc, HbAlc < 7% was
considered controlled diabetes(43). Diabetic patient charts with no HbAlc were
excluded).

5. Patients who report a combination of smoking/e-cigarette/marijuana use.

6. Patients who quit smoking (tobacco, e-cigarettes, marijuana) and former smokers.
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The inclusion/exclusion criteria for the control group (B- nonsmokers) were the following:

Inclusion criteria:

1. Patients between the ages of 18 — 80 years.

2. Patients who received a dental implant (ADA Code D6010) between 1/1/2004 and
12/31/2021.

3. Implant radiographs at T1 (Placement), T2 (Loading), T3 (minimum 1y after loading).

Bitewings were preferred but PAs were used if bitewings were missing/ not usable.

4. Patients who have reported “No” to tobacco/e-cigarette smoking/ marijuana smoking.

Exclusion criteria:

1. Panoramic radiographs only.

2. Incomplete peri-implant charting.

3. Missing baseline/follow-up implant radiographs.

4. Patients with uncontrolled systemic diseases such as cardiovascular disease, acquired
immunodeficiency syndrome, uncontrolled diabetes, hepatic and renal diseases (Patient
records and notes were checked for HbAlc, HbAlc < 7% was considered controlled

diabetes(43). Diabetic patient charts with no HbAlc were excluded.

5. Patients who report cigarette smoking/e-cigarette/marijuana use or any combination of the

aforementioned.

6. Patients who quit smoking (tobacco, e-cigarettes, marijuana) / former smoker.
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Data Collection:

Habit history:

The sample population was divided into 2 groups: (A) Marijuana (B) Control — Non-smokers based
on self-reported history. Any additional information on frequency and duration of use was
collected. Former smoking status was excluded. Additional substance use such as the use of
recreational drugs other than cannabis smoking and alcohol use was also noted to account for

confounding factors.

Clinical Periodontal Examination:

Peri-implant parameters were collected from the periodontal charts on axiUm. The parameters
included Probing Depth (PD), Suppuration (SUP), Bleeding on Probing Index (BPI), site of deepest
PD and implant removal. All data was collected from the latest comprehensive examination. Any
peri-implant therapy performed (implant debridement, prophylaxis, full mouth debridement,
periodontal surgery) was recorded. Clinical notes were reviewed to record the periodontal and
peri-implant diagnosis assigned to the patient at the time of the comprehensive examination.
Peri-implant mucositis was defined as the presence of Bleeding on Probing (BOP) without signs
of radiographic bone loss after the 1%t year of loading. Peri-implantitis was defined as the
presence of BOP and/or suppuration, 3mm of radiographic bone loss and 6mm PD after the 1%

year of loading(12).
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Radiographic data:

Periapical (PA) radiographs and bitewings were analyzed. MBL was recorded on radiographs from
the implant platform to the most coronal area of bone-implant contact fBIC (first bone-implant
contact) using the measurement tool on the MiPacs dental enterprise viewer version 4.1.0. In
case where the bitewings did not show the bony crest, peri-apical radiographs were used to
measure marginal bone levels from the platform to the bony crest. MBL was defined as the
vertical distance from the implant platform to the crest of the bone for bone-level implants, or
from the most coronal portion of the rough surface of the implant for tissue-level implants or
implants with a polished machined collar. Implant surfaces where radiographic bone loss is
difficult to analyze were excluded. The marginal bone level was determined using the following
equation: adjusted marginal bone level = known implant length (From visit notes) x measured
marginal bone level / measured implant length (Fig 1.). Radiographic measurements were taken
at three different time points designated as follows:

T1: Marginal bone level at the time of placement

T2: Marginal bone level at the time of definitive loading

T3: Marginal bone level at the time of follow-up of at least 1y post-loading

24



® Radiographic length/Actual length = radiographic bone level/actual bone level.

Actual length x radiographic bone level

® Actual MBL =

L Radiographic length

Figure 1. Calibration and measurements of MBL
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STATISTICAL ANALYSIS

Sample Size Calculation:

A convenience sample of up to 350 self-reported marijuana users who have at least one implant
and up to 350 non-smokers with at least one implant were recruited for the study, for a maximum

sample size of 800 subjects.

Data Analysis:

Descriptive statistics (counts and percentages, means and standard deviations) were calculated.
Differences in mean MBL between marijuana users and non-smokers were analyzed with a
multilevel linear regression model. Log transformation was used if necessary to achieve
normality. A multivariate multilevel linear regression model was created to assess the outcomes
with additional covariates including medical status. P-values less than 0.05 were considered

statistically significant. SPSS 27 and Stata 13.1 were used for the analysis.
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RESULTS:

After receiving approval from the IRB (STUDY0003283), a total of 533 implants were reviewed in
axiUm for inclusion in the test group (Marijuana smokers). After applying the inclusion and
exclusion criteria, 61 implants with a minimum of 1 year of follow-up after loading met the
inclusion criteria and were included. Therefore, the inclusion rate of implants reviewed was

11.44%.

From the 533 implants reviewed, 323 were excluded due to undiagnostic (radiographs with
excessive angulation that did not allow accurate measurements), presence of panoramic
radiographs only or missing radiographs at either T1, T2 or T3. Ninety-eight implants had no
follow-up charts and/or radiographs at least 1 year after loading, 34 implants were excluded due
to missing periodontal charting information (PD, BOP, SUP, or a combination of the
aforementioned), eleven implants failed and were removed before they were restored, and six
implants were excluded due to uncontrolled systemic conditions and/or bisphosphonate use in

patients.

One hundred and twenty-four implants placed in non-smokers were reviewed for inclusion
following the same criteria as the test group, into the control (non-smoking) group until sixty-one

implants in thirty patients were included.
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e Demographic characteristics of the study sample

A total of 122 implants in seventy-five patients were included. sixty-one implants in forty-five
patients were included in the test group (marijuana smokers) and sixty-one implants in thirty
patients were included in the control (non-smoking) group. The mean age of the included sample
was 63.5 years (+ 11.78y) with a minimum age of thirty-one years and a maximum age of seventy-
nine years. The study sample consisted of forty-five (60%) males and thirty females (40%). Out of
the sample of seventy-five patients, thirty-six (48%) were systemically healthy, five (6.67%) were
diagnosed with controlled diabetes and thirty-four (45.33%) were diagnosed with other

controlled systemic diseases (Fig 2.). The demographic data for the sample is presented in Table
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Table 1. Demographics — Included Sample

. Non-smokers Marijuana Smokers

Age

Mean (SD) 64.3 (10.53) 62.57 (12.04) 63.54 (11.78)
Ge"d,jgk’: (%) 18 (60%) 27 (60%) 45 (60%)
12 (40%) 18 (40%) 30 (40%)
Female
Total 30 (100%) 45 (100%) 75 (100%)
Ethnicity, N (%)
. 9 (30%) 6 (13.3%) 15 (20%)
o 17 (56%) 30 (66.6%) 47 (63.7%)
Blaci /AR 'f’A . 0 (0%) 3 (6.66%) 3 (4%)
e '}f:." horican 0 (0%) 1 (2.2%) 1(1.3%)
His;::::ic 4(14%) 4 (8.8%) 8 (10.7%)
Native American/Alaska Native Qo) (Bz) ERe)
0 0
- 30 (100%) 45 (100%) 75 (100%)
Medical History, N (%)
13 (43.3%) 23 (51%) 36 (48%)
Systemically Healthy 3 (10%) 2 (4%) 5(6.6%)
Diabetes 14 (46.7%) 20 (45%) 34 (45.4%)
Other Conditions
30 (100%) 45 (100%) 75 (100%)
Total
Periodontal Diagnosis, N (%)
6 (20%) 8 (17.7%) 14 (18.6%)
Healthy 13 (43.3%) 16 (35.5%) 29 (38.7%)
Gingivitis 11 (36.7%) 21 (46.7%) 32 (42.7%)
Periodontitis
30 (100%) 45 (100%) 75(100%)

Total

In the marijuana smoking group, forty-five subjects with a mean age of 62.5y (£+12.04) were
included. Of those, twenty-three subjects (51%) were systemically healthy, two (4%) had
controlled diabetes, and 20 (45%) had other controlled systemic diseases, including
hypertension, and hypercholesterolemia. In the non-smoking group, twenty-nine (47.5%)
implants were placed in healthy patients, three (5%) were placed in diabetic patients and twenty-

nine (47.5%) were placed in patients who had other systemic conditions.
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e Demographic characteristics of included implants

The predominant position of the implants in the included sample was the right and left
mandibular first molars #30 (seventeen implants, 13.93%) and #19 (fifteem implants, 12.30%).
They were followed by: #12 (eleven implants, 9.02%), #29 (nine implants, 7.38%), #5 (eight
implants, 6.56%), #8 (seven implants, 5.74%), #13, 29, 9 (six implants 4.92%), #18, 3, 7 (five
implants, 4.10%), #10, 14 (four, 3.28%). Only one implant (0.82%) was included in positions #11,
15, 20, 22, 24, 27, 28, 4 and #T (Fig 2 and Fig 3.).

Sixty-two implants included were placed in the mandible and sixty in the maxilla, representing
50.82% and 49.18% respectively. The majority of implants included were placed posteriorly in
the arch (ninety-sex implants, 78.69%) than anteriorly (twenty-six implants, 21.31%).

Fifty-two implants (42.62%) included were placed in grafted bone (previous socket preservation,
previous/simultaneous bone augmentation and/or previous/simultaneous sinus floor
elevations). Sixty-four (52.46%) of included implants were placed in native bone with no
previous/additional bone grafting. Only six (4.92%) were immediate implants, placed at the time
of extraction.

In terms of implant length (Fig 4.), more than 80% percent of included implants were 10mm long
or longer. The most prevalent implant length was 10mm (eighty-four implants, 68.85%) followed
by 8mm (fourteen implants, 11,48%), then 13mm (twelve implants, 9.84%), 11.5mm (eight

implants, 6.56%), 12mm (three implants, 2.46%) and finally 16mm (one implant, 0.82%).
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In terms of implant diameter (Fig 5.), most of the implants included in this study had a diameter
of 4.3mm (fifty-one implants, 41.8%), followed by 5mm (thirty-one implants, 25.41%) then
3.5mm (twenty-five implants, 20.49%). Other diameters representing a smaller sample were
4.1mm (six implants, 4.92%), 3.3mm (five implants, 4.10%), 4.8mm (three implants, 2.46%). Only
one 6mm wide implant was included in the study representing 0.82% of implants included.

Sixty-nine (56.56%) of the included implants were platform-matching implants and fifty-three
(43.44%) were platform-switched implants. In terms of implant surface, one hundred and eight
(88.52%) of the included implants were TiUnite implants and fourteen (11.48%) were SLA
implants. Twenty-eight (45.9%) implants showed BOP in the test group compared to only twenty-
one (34%) in the control group. In terms of the site with the deepest probing depth, the majority
of implants presented with equal probing depths at over 2 sites (forty-five implants, 36.89%). The
site with the deepest probing depth recorded in the periodontal chart at the last follow-up is the
MB site (twenty-five implants, 20.49%), followed by the DL (seventeen implants,13.93%), ML
(fifteen implants, 12.30%), DB (ten implants, 8.20%), Mid-Buccal (six implants, 4.92%) and lastly,

Mid-lingual (four implants, 3.28%)(Fig6.).
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Table 2. Demographic characteristics of included implants.

. Non-smokers Marijuana Smokers

Position, N (%)

Anterior 11 (18%) 15 (25%) 26 (21.3%)
Posterior 50 (82%) 46 (75%) 96 (78.7%)
61 (100%) 61 (100%) 122 (100%)
Total
Arch, N(%)
esabio 30 (49.2%) 32 (47.5%) 62 (50.8%)
e 31 (50.8%) 29 (52.5%) 60 (49.2%)
Total 61 (100%) 61 (100%) 122 (100%)
Ridge status, N (%)
Nt 35 (57.3%) 31 (50.8%) 64 (52.46%)
Grif't‘;z 22 (36%) 28 (46%) 52 (42.62%)
immediate 4 (6.7%) 2(3.2) 6 (4.92%)
Total 61 (100%) 61 (100%) 122 (100%)
Platform S“\’;‘Ching- N (%) 34 (55.7%) 19 (31%) 53 (43.4%)
Nej 27 (42.3%) 42 (69%) 69 (56.6%)
Totel 61 (100%) 61 (100%) 122 (100%)
Implant System, N (%)
ot 10 (16.1%) 4 (6%) 14 (20%)
'ﬁ”’“a"“ 51 (83.9%) 57 (94%) 108 (63.7%)
obel
Total 61 (100%) 61 (100%) 122 (100%)
BOP, N (%)
oo 21 (43.3%) 28 (51%) 49 (48%)
o 40 (10%) 33 (4%) 73 (6.6%
61 (100%) 61 (100%) 122 (100%)
SUP, N (%)
1(1.6%) 0 (0%) 1 (0.8%)
60 (98.4%) 61 (100%) 121 (99.2%)
61 (100%) 61 (100%) 122(100%)
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Mean MBL at T1, T2 and T3 and association with smoking status

The average marginal bone level for both groups was -0.43mm at T1 (£1.208mm),

-0.87mm (£1.2mm) and 1.6mm (£1.5mm) at T3. After running a univariate linear regression
analysis, no statistically significant difference was found between the marginal bone level of the
test and control groups at T1, T2, or T3. (p= 0.14, p=0.88 and p=0.18, respectively). After running
multivariate mixed effects linear regression analysis adjusting for smoking, there was a
statistically significant association between marginal bone level and baseline and marginal bone
level at the last follow-up adjusting for bone level at baseline (p=0.002), but not adjusting for
health status (p=0.14). Implants in marijuana smokers are more likely to have more marginal

bone loss than implants in non-smokers.

Table 3. Mean MBL at T1, T2 and T3 and p-values adjusted for baseline marginal bone level.

Time Point Test Mean (SD)  Control Mean (SD) p-value Adjusted p-value

Baseline (T1) -0.627 (1.16) -0.239 (1.22)

Loading (T2) 0.881 (1.26) 0.873 (1.17) 0.88

Follow-up (>1y) (T3) 1.878 (1.77) 1.395 (1.33) 0.18 0.02*

* Adjusted for baseline MBL
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Implant diaghosis at T3

In terms of implant diagnosis for all included implants (both groups), based on periodontal
charting and radiographic data at T3, 66 (54.10%) implants were diagnosed with peri-implant
health. 38 (31.15%) implants were diagnosed with peri-implant mucositis and 18 (14.75%)
implants were diagnosed with peri-implantitis.

In the marijuana smoking group, 25 of the included implants (42%) were healthy, 23 (37%) were
diagnosed with peri-implant mucositis and 13 (22%) had peri-implantitis.

In the non-smoking group, 39 implants (66%) were healthy, 26% (15 implants) were diagnosed
with peri-implant mucositis, and five (7%) had peri-implantitis.

The analyses for implant diagnosis and smoking can be observed in table 4.

Mixed effects logistic regression models showed no statistically significant association between
peri-implantitis and smoking status at both implant and patient level (p=0.09 and p=0.77
respectively) or peri-implant mucositis and smoking status at both implant and patient level.
(p=0.09 and p=0.42 respectively).

There is a statistically significant association between smoking status and implant diagnosis.
Implants in marijuana smokers were shown to display significantly higher odds of developing

peri-implant diseases than implants in non-smokers. (OR=5.5, p=0.04).
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Table 4. Implant diagnosis per group.

Marijuana

Non-Smok
on-Smokers S

Implant Diagnosis (Control) Odds Ratio p-value

e

Health 39 (63%)

27 (44%) 66 (54%)

Peri-implant mucositis 17 (27.8%) 21 (34.4%) 38 (31%) 0.09

Peri-implantitis 5 (8.2%) 13 (21%) 18 (29%) 0.09

Peri-implant disease (combined) 22 (36%) 34 (56%) 66 (54%) 5.5 0.013

61 61 122

Implant survival

One hundred seventeen (95.90%) of implants remained in the mouth as five of the 122 implants
(4.1%) were removed after loading by at least one year. Four (6%) implants failed in the marijuana
smoking group, two of which exhibited mechanical failure and two exhibited biological failure.
Only one implant (1.6%) failed due to biological reasons in the non-smoking group (Fig. 13). There

was no statistical significance between smoking status and implant failure (p>0.05).

Association between diabetes and MBL

Implants placed in patients with diabetes did not have statistically significant greater MBL at
baseline, loading and latest follow up (p=0.796, p=0.88, and p=0.60 respectively). After running

a multivariate mixed effects linear regression adjusting for health status, there was no
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statistically significant association between smoking status and marginal bone level adjusting
for health status at baseline (p=0.12), at loading (p=0.99) or at the latest follow-up (p=0.14).
Additionally, there was no statistically significant association between health status and
marginal bone level when adjusting for smoking status at baseline, loading, or latest follow-up.

(p=0.92, p= 0.88 and p=0.69 respectively).
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DISCUSSION

The primary aim of this study was to determine whether implants in marijuana smokers are more
likely to develop peri-implant diseases than implants in non-smokers. The secondary aim is to
determine whether implants in marijuana smokers express higher amounts of MBL than implants
placed in non-smokers after at least 1 year of follow-up. According to the results of this study,
implants placed in marijuana smokers have a higher chance of developing peri-implant disease
than implants in non-smokers. Although there is no statistically significant difference in the odds
of developing either disease individually, there is a statistically significant change in developing
either disease in marijuana smokers. Implants in marijuana smokers also displayed more MBL

than implants in non-smokers between T1 (placement) and T3 (follow-up).

Additionally, when adjusting for smoking status, there was a significant association between
marginal bone levels at baseline and at follow-up, where implants in marijuana smokers exhibited
increased MBL. However, since there was no significant difference in the prevalence of peri-
implantitis diagnosis between the two groups, it is likely that the increased the MBL in marijuana
smokers was observed between T1 and T2, prior to definitive loading. This is attributed to an

increased degree of bone remodeling.

Peri-implant diseases have been a popular topic of discussion over the past few years. Peri-

implantitis was initially described as inflammation surrounding dental implants with the loss of
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supporting bone(24, 44), with Zitzmann and Berglundh reporting a prevalence varying widely in
the literature and ranging between 6.4% and 28%(44). The clinical definition of peri-implantitis,
however, was unclear for a long time due to the multifactorial etiology and different
presentations of the disease(45). Smoking, in particular, has been identified as an area of interest
for research into peri-implantitis due to its close relationship with periodontal disease(46, 47). In
a retrospective study, Haas et al concluded that smokers have deeper probing depths around
implants, more bone resorption and a higher mucosal inflammation index(48). Cavalcanti et al
reported implant failure in smokers to be double that of non-smokers(49). A systematic review
and meta-analysis by Sgolastra, however, failed to confirm an effect of smoking on the peri-
implant tissues and diseases (20), although with a low number of studies.

Recently, the 2017 World Workshop in the Classification of Periodontal and Peri-implant Diseases
and Conditions published its consensus report aiming to unify the classification and definition of
peri-implantitis in the literature(50). The consensus report on peri-implant diseases mentions
possible etiological factors for the development of disease, although mentions evidence on the

role of smoking is still inconclusive.

Due to a rapid legalization movement and increased accessibility of marijuana for purchase, there
is a growing prevalence of its use among patients in clinical practice. The use of cannabis for
recreational and medicine purposes has been frequently reported over the past decades for
conditions such as glaucoma or cancer(51), but coming up with a consensus on the beneficiary
and adverse effects marijuana was rendered difficult due to a large degree of bias in the studies

analyzed(51-53). There are hundreds of compounds derived from the marijuana plant, called

40



cannabinoids (CBN) or phyto-cannabinoids to differentiate them from synthetic cannabinoids.
Delta-9-tetrahydrocannabinol (THC) is the most abundant compound found in marijuana(54),
with a high affinity for both cannabinoid receptors in the brain, CB1 and CB2, affecting
locomotion, pain, anxiety, cognition and the perception of reality(55). Cannabidiol (CBD) is
another compound found in large quantities in the plant although with a lower affinity for CB1

and CB2 receptors and poor availability(56), meaning it lacks the psychoactive activity of THC(57).

The use of marijuana has been associated with multiple oral manifestations, such as increased
caries, increased prevalence of candida albicans, and oral cancer, although with limited
evidence(58-60). It has also been noted to increase the likelihood of leukodema and
hyperkeratosis, often seen in tobacco smokers, likely due to the high heat and irritation caused
by smoking(58). Studies investigating the effects of marijuana use on the oral cavity, specifically
the periodontium, have reported adverse effects including a higher prevalence of periodontal
diseases, deeper PD, and poorer oral health (61-65). Additionally, studies have also reported poor
oral health and a history of periodontal disease as a risk factor for peri-implantitis and MBL.(66,
67). The data from these studies supports the findings of the present study, linking marijuana use

to more MBL and a higher prevalence of peri-implant diseases.

Our study reported no significant difference between MBL at any of the time points (T1, T2 or
T3) between the two groups. Most of the TiUnite implants included in this study were those with
polished collar of 1.5mm (Figure 14). There is a large discrepancy between clinicians in the apico-

coronal placement of those implants, as some clinicians place them as subcrestally or equi-
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crestally, similar to a bone level implant, while other clinicians place the polished collar
supracrestally, as a tissue level implant. Studies have reported less remodeling around implants
with a rough collar than implants with a polished collar(68-70). This variability in implant design
and apico-coronal placement may act as a significant confounder as to the degree of MBL

observed around implants.

This study is not immune to the limitations of a retrospective study design. The EHR information
only shows the smoking status at the last examination. It is therefore not possible to determine
whether patients smoked marijuana at the time of implant placement or not. Additionally, there
is no information pertaining to the duration of the habit, the frequency of use, or the mode of
administration. It is therefore hard to determine whether any negative effects caused by
marijuana smoking are caused by local physical or chemical irritation, a systemic effect, or a
combination of the aforementioned. Additionally, investigating a potential dose-dependent

effect of marijuana use necessitates prospective studies in a controlled setting.

Furthermore, notes attached to maintenance procedures rarely describe the technique and
instruments used for the maintenance of implants. It is therefore hard to evaluate the
effectiveness of supportive peri-implant therapy performed on dental implants by dental
students, who are often inexperienced in dental implant debridement. The lack of a supportive
peri-implant therapy program is considered to be a significant risk factor in the initiation and

progression of peri-implant diseases(71).
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Another limitation of this study is the lack of standardization of radiographs. No guidelines are
set for radiographic documentation during implant placement, resulting in a lack of bitewings at
the time of placement. Many of the excluded subjects only had a panoramic x-ray at placement,
or horizontal bitewings that failed to capture the crestal bone at T1, T2 and/or T3. Additionally,
this study was conducted in a dental school setting, therefore a lot of variability may result from
data collected by students who are not experienced in recording PD, BOP, SUP around dental

implants. This can cause inaccurate or missing data.

The sample size is relatively low for a retrospective study which could be as a result of the
reluctance of patients to disclose their marijuana smoking status due to stigmas, federal legality,
or regulations from their workplaces, which can result in underreporting of substance use,
especially in healthcare settings(72-74). Lastly, our data only presents a pool of population that

was seen at TUSDM and therefore the results cannot be generalized.

43



CONCLUSIONS

Within the limitations of this study, we can conclude that marijuana can lead to negative effects
on peri-implant health. Implants in marijuana smokers display more MBL and a higher prevalence
of peri-implant diseases than implants in non-smokers. Further investigation with high-quality

large-size prospective studies is needed to confirm the results of the present investigation.
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APPENDIX

Figures:

533 implants reviewed between
1/1/04 and 12/31/2022

Reason for exclusion

[ Records without radiographs ]

—»[ Records without charting j

—»[ Unusable radiographs ]

[Uncontrolled systemic conditionsj

—( Lack of follow-up )

—»[ Inadequate follow-up length ]

n=61 implants

Flow chart depicting reasons for exclusion
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® Radiographic length/Actual length = radiographic bone level/actual bone level.

Actual length x radiographic bone level

® Actual MBL =

L Radiographic length

Figure 1. Calibration and measurements of MBL.

Site
®

0 4.5 9 13.5 18
Number of implants

Fig 2. Frequency of implants per site

46



O©CoOo~NOO~,®

10

12
13
14
15
18
19
20
21
22
23
24
27
28
29
30
31

Site

M Test [ Control

2.5 5 7.5 10
Number of implants
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Figure 5. Frequency of implant diameter in the study population.
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Figure 7. Mean MBL in test (green) and control (blue) at T1 (placement), T2 (definitive
loading),T3(follow-up).
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TABLES

Table 1. Demographics of the included subjects

H Non-smokers Marijuana Smokers
Variable (Control) (Test) Total
Age 64.3 (10.53) 62.57 (12.04) 63.54 (11.78)
Mean (SD) . § g E : "
Ge“‘:\:glg %) 18 (60%) 27 (60%) 45 (60%)
F 12 (40%) 18 (40%) 30 (40%)
‘emale
Total 30 (100%) 45 (100%) 75 (100%)
Ethnicity, N (%)
NR 9 (30%) 6 (13.3%) 15 (20%)
" 17 (56%) 30 (66.6%) 47 (63.7%)
P ) f‘A ] 0 (0%) 3 (6.66%) 3 (4%)
i rf:." eean 0 (0%) 1 (2.2%) 1 (1.3%)
HispI::ic 4(14%) 4(8.8%) 8 (10.7%)
Native American/Alaska Native i) e U
Total 30 (100%) 45 (100%) 75 (100%)
Medical History, N (%)
13 (43.3%) 23 (51%) 36 (48%)
Systemically Healthy 3(10%) 2 (4%) 5 (6.6%)
Diabetes 14 (46.7%) 20 (45%) 34 (45.4%)
Other Conditions
30 (100%) 45 (100%) 75 (100%)
Total
Periodontal Diagnosis, N (%)
6 (20%) 8(17.7%) 14 (18.6%)
Healthy 13 (43.3%) 16 (35.5%) 29 (38.7%)
Gingivitis 11 (36.7%) 21 (46.7%) 32 (42.7%)
Periodontitis
30 (100%) 45 (100%) 75(100%)

Total
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Table 2. Demographics of included implants.

Vo Non-smokers 3 Marijuana Smokers Total
(Control) ; (Test)

Position, N (%)

Anterior 11 (18%) 15 (25%) 26 (21.3%)
Posterior 50 (82%) 46 (75%) 96 (78.7%)
61 (100%) 61 (100%) 122 (100%)
Total
Arch, N(%)
arib 30 (49.2%) 32 (47.5%) 62 (50.8%)
i 31 (50.8%) 29 (52.5%) 60 (49.2%)
Total 61 (100%) 61 (100%) 122 (100%)
Ridge status, N (%)
o 35 (57.3%) 31 (50.8%) 64 (52.46%)
G;f't‘:j 22 (36%) 28 (46%) 52 (42.62%)
Immediate 4(6.7%) 2(3.2) 6 (4.92%)
Total 61 (100%) 61 (100%) 122 (100%)
e 34 (55.7%) 19 (31%) 53 (43.4%)
Neos 27 (42.3%) 42 (69%) 69 (56.6%)
Totel 61 (100%) 61 (100%) 122 (100%)
Implant System, N (%)
o 10 (16.1%) 4 (6%) 14 (20%)
ﬁ”’““‘"" 51 (83.9%) 57 (94%) 108 (63.7%)
obel
Total 61 (100%) 61 (100%) 122 (100%)
BOP, N (%)
. 21 (43.3%) 28 (51%) 49 (48%)
. 40 (10%) 33 (4%) 73 (6.6%
Total 61 (100%) 61 (100%) 122 (100%)
SUP, N (%)
. 1(1.6%) 0 (0%) 1 (0.8%)
g 60 (98.4%) 61 (100%) 121 (99.2%)
Total 61 (100%) 61 (100%) 122(100%)

51



Table 3. Marginal bone loss at T1, T2 and T3 in both groups.

Time Point Test Mean (SD)  Control Mean (SD) Adjusted p-value

Baseline (T1) -0.627 (1.16) -0.239 (1.22)

Loading (T2) 0.881 (1.26) 0.873 (1.17) 0.88

Follow-up (>1y) (T3) 1.878 (1.77) 1.395(1.33) 0.18 0.02*

* Adjusted for baseline MBL

Table 4. Peri-implant disease frequency

Non-Smokers RaiCane
Smokers

Implant Diagnosis (Control) Odds Ratio
N (%) (Test)

N (%)
Health 39 (63%)

27 (44%) 66 (54%)

Peri-implant mucositis 17 (27.8%) 21 (34.4%) 38 (31%) 0.09

Peri-implantitis 5(8.2%) 13 (21%) 18 (29%) 0.09

Peri-implant disease (combined) 22 (36%) 34 (56%) 66 (54%) 5.5 0.013

Total 61 61 122
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Table 5. Implant survival in the included sample.

Implant Survival Frequency

In function

Percent
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