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METHODS

♦ Semi-structured interviews were conducted with 
purposively selected  23 healthcare providers (12 
dental and 11 prenatal) and 14 pregnant women 
in BC using a social constructivist framework.6

♦ The questions explored the participants' 
experiences and views on the delivery of 
preventive oral care during pregnancy, and the 
potential strategies for providing integrated 
prenatal oral health services in BC.

♦ The interviews were transcribed verbatim and 
analyzed using an inductive thematic approach. 
Field-notes, member checking, memoing, and 
external audit ensured study rigor. 

CONCLUSIONS
Pregnant women and healthcare providers 
supported the integration of oral health in perinatal 
care and shared similar views on strategies for 
achieving integrated prenatal oral care. Healthcare 
providers identified more barriers to the process 
than pregnant women .

ACKNOWLEDGEMENTS
 Funding support  by the Stollery Charitable Foundation and UBC Midwifery. 

 All pregnant women and healthcare providers who participated in the study

RESULTS
♦ Four themes were addressed by both pregnant 

women and health care providers –
o relevance of integrated prenatal oral health; 
o strategies for achieving integrated prenatal 

oral health; 
o drivers of the integration process; 
o barriers to integrating oral health during 

pregnancy.
♦ Health care providers addressed a fifth theme

o Perception of integrated care 
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OBJECTIVES
♦ Oral conditions are common during pregnancy 

and impact overall health and quality of life.1,2 The 
integration of preventive oral care has therefore 
been recommended.3

♦ A previous study in BC reported that socially 
disadvantaged women were interested in a ”one 
stop shopping” approach for oral health based on 
integrated care.4

♦ BC perinatal guidelines5 identify preventive oral 
care is important during pregnancy but there is no 
clearly outlined process for implementing this. 

♦ To qualitatively explore the views of pregnant 
women and healthcare providers in British 
Columbia (BC), Canada on integrated prenatal oral 
care. 

Recommendations focused on pregnant women
• Policies and guidelines
• Oral health promotion
• IPC training for health professionals
• Use of care coordinators 
• Including preventive oral care in the Medical Services Plan (MSP)

Recommendations focused on Prenatal 
providers 
• Oral health check on the provincial antenatal record 
• Screening questions at first prenatal visit
• Brief oral examinations for pregnant women
• Referrals to oral health providers  

Recommendations focused on Dental Providers
• Oral health education and advocacy
• Standards of oral care during pregnancy

Figure 2 Summary of suggested strategies

♦️Most participants supported 
integrated prenatal oral health.

♦️Funding was identified as a major 
barrier to access. Also limited time 
during prenatal visits

♦️Oral health should be a part of the 
MSP/ use vouchers to promote access.

♦️Oral health is considered separate 
from general health

♦️Lack of a clearly defined process or 
guideline on oral health was identified 
as a major barrier.

♦️Including oral health on the 
prenatal checklist was suggested. 

“So, I think collaboration is 
important thing because we 
have to develop  a patient 
centered approach” (Penny, 
Family Physician)

“It would be helpful if health professionals had 
continuing education courses in oral health care 
during pregnancy].”(Eve, Dentist) 

“it 
”would be pretty cool if it 

could be part of MSP, so we 
did not need to worry about 
the cost” (Wendy, Pregnant 

woman)

Figure 1- Providers and pregnant women’s views on prenatal oral care
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METHODS

A printed master cast, representing a Kennedy class II mod 2 
design with 5 referencing markers, was made from a dentiform 
model (Figure 1).12 SLM Co-Cr PRDP frameworks were 
fabricated on this master cast by means of digital design software 
(Figure 2-4). Gaps between the frameworks and the cast were 
assessed by inserting silicone impression material prior their 
seating, then measuring the silicon thickness at each marker with 
a caliper (Figure 5-6). Digital models of each framework and the 
master cast were registered with CloudCompare software also 
employed to measure 3D gaps at the 5 reference markers and 3 
occlusal rests (Figure 7-10). The results were analyzed by one-
way Anova and post-hoc Bonferroni tests.

CONCLUSIONS
Both registration methods can help determine whether the fit of an SLM framework is 
clinically acceptable. Differences in the values they provide are most likely due to unique 
factors affecting both methods of measurement (Fig. 15-16).  

OBJECTIVES

Advances in 3-dimensional (3D) printing technology have improved 
the fit of Partial Removable Dental Prostheses (PRDP) frameworks 
made by Selective Laser Melting (SLM). Historically, the gaps 
between master casts and these PRDPs have been evaluated 
using clinical replicas. More recently, virtual replicas have provided 
an alternative way to measure these gaps. The aim of this project 
was to assess the similarities and differences between the 2 
methods when used to evaluate the fit of SLM PRDP frameworks. 

RESULTS
The mean gap between the frameworks and master cast for 
clinical registration was 13.9 ± 7.6 microns. The mean gap for 
digital registration was 70.7 ± 23.9 microns. Statistically 
significant differences among the referencing markers were 
found in both approaches (Figure 12 & 14). There were no 
statistically significant differences among the frameworks 
(figure 11 & 13). In both cases gap measurements were well 
below a 300-micron limit considered clinically acceptable.

Fig. 1: Mandibular Dentiform Fig. 2: Digital surveying

Fig. 3: Digital design Fig. 4: Final framework design

Fig. 7: Framework STL 
file CloudCompare

Fig. 8: Model & framework 
orientation on MeshMixer

Fig. 9: Framework 
segmentation on Meshmixer

Fig. 10: Model & framework 
registration on CloudCompare

Fig. 6: Clinical registration 
using PVS replica

Fig. 5: Framework fitting on 
master cast

Fig. 15: Digital registration of reference marker Fig. 16: Digital registration of Cingulum rest
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CONCLUSIONS
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OBJECTIVES
To examine the risk
determinants of
periodontitis in
subjects never
treated for
periodontal
conditions in Saudi
Arabia.

RESULTS
A total of 431 subjects met the inclusion criteria. The mean age of
participants was 35.4 ± 13.3 years; 185 (42.5%) were males and 246 (57.5%)
were females. Overall, high levels of plaque were observed in the studied
subjects. The prevalence of periodontitis (1st outcome) and generalized
advanced periodontitis (2nd outcome) were 76.3% and 17.4%, respectively.
A multivariate logistic regression model for 1st outcome was significant
(p<0.001) and 42.5% of the variation of periodontitis was explained by the
model’s determinants: 35+ years of age (OR=32.1), smoking ≥10 cigarette
daily (OR=3.3), perceived lack of social support (OR=1.7), and lower monthly
income (OR=2.0).
A logistic regression model for 2nd outcome was significant (p<0.001) and
39.0% of the variation was explained by these determinants: 35+ years of
age (OR=10.4), male (OR=2.8), above a high school education (OR=0.3),
and Diabetes Mellitus (OR=2.9).

A high prevalence of periodontitis in untreated individuals in Saudi Arabia was
found. Up to 42.5% of variation in periodontitis was explained by these risk
determinants: 35+ years of age, male, low income, low education, perceived
lack of social support, smoking ≥10 cigarettes daily, and uncontrolled
diabetes mellitus.
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METHODS
Untreated subjects were examined for their periodontal status using full mouth examinations after collecting information about
their sociodemographic characteristics, medical conditions, use of medications, oral behaviours, perceived stress, and perceived
social support.

The European Federation of Periodontology definitions for periodontitis and generalized advanced periodontitis were used as
study outcomes. Periodontitis (1st outcome) was defined as an interproximal clinical attachment loss (CAL) of ≥3 mm in ≥2 non-
adjacent teeth, while generalized advanced periodontitis (2nd outcome) was defined as an interproximal CAL of ≥5 mm in ≥30%
of the dentition.
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Does Invisalign® Meet Its Tooth Movement Predictions? A Novel Technique
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METHODS
• The treatment sample consisted of 150 posterior maxillary teeth (1st

premolar, 2nd premolar, and 1st molar) of participants (age 24.8 ± 8.8
years) who were orthodontically treated with the Invisalign® system at
two different private dental offices.

• Inclusion criteria: permanent dentition, received treatment with
Invisalign®, must have finished the first series of aligners or scanned
for the first refinement.

• Exclusion criteria: received previous auxiliary expansion, distalization
appliances, partial or full fixed edge-wise appliance treatment.

• The ClinCheck® prediction and post-treatment digital models were
digitally superimposed with CloudCompare® software using the hard
palate rugae.

• CloudCompare® measured the differences in displacement and
orientation for 150 posterior maxillary teeth, representing all bilateral
premolars and first molars.

• Tooth movements were expressed as mesial-distal, buccal-lingual,
occlusal-gingival translations, and tooth orientations as axial
rotations and tips (mesiodistal inclination) and torques (buccal-lingual
orientation).

• Predicted and post-treatment differences considered clinically-relevant
were defined as those greater than 0.5 mm for tooth displacement
and those greater than 2 degrees for tooth rotation.

INTRODUCTION
• Clincheck® is Invisalign’s own 3D animated treatment plan that is

created following a full consultation and Invisalign® records visit.1

• ClinCheck® software predicted model is a simulated virtual outcome
model provided by Invisalign® to the treating clinician to help his/her
patients visualize their treatment outcome.

• One of the main limitations of many previous studies that used 3D
superimposition to assess the accuracy of Invisalign ClinCheck®
predicted models is they do not use a stable landmark, such as
anatomic structure on the palatal surface, for superimposition.2

• The absence of a stable landmark is mainly because the ClinCheck®
predicted models only present clinical crowns and virtual gingiva without
the palate (Figure 1,2, and 3).

• The stationary posterior teeth with no movement prescription were used
as a reference landmark in many previous studies attempting to evaluate
the tooth movement with Invisalign® system, which compromised these
studies' quality by confining the assessment to the anterior teeth
only.

• Assess the differences between the predicted and achieved post-
treatment models, using a novel and reliable measurement technique by 
utilizing the palate as a landmark for superimposition. 

OBJECTIVES
Fig 5: Post treatment model

RESULTS
• Anteroposterior and buccolingual translational movements of

posterior teeth were the most accurate predicted tooth movements, with
statistically insignificant differences between ClinCheck® predicted
and post-treatment digital models measurements (P=1.000).

• Occlusogingival movements overall were less accurate (P<0.08).
• Rotation and torque were the least accurate predicted tooth movement

with a statistical significance (P=0.00126) and (P=0.00029), respectively.

Figure 10: Tooth Measure Prediction Differences Across Tooth Type

CONCLUSIONS
• The Invisalign® system met some but not all of its predicted goals for

posterior maxillary tooth movements in non-extraction with mild-to-
moderate malocclusions.

• Achieving predicted vertical tooth movements, axial-rotations, or
torques was more challenging for posterior maxillary teeth.

• Vertical tooth movement, especially extrusion, was inaccurately
predicted for 2nd premolars and 1st molars.

• Axial-rotation for the premolars, and torque for all posterior maxillary
teeth, were the least inaccurately predicted tooth movement.
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METHODS CONT’D

Fig 1: ClinCheck® pre-treatment model

Fig 2: ClinCheck® predicted treatment model

Fig 3: Superimposed pre-treatment and 
predicted models exported from ClinCheck® 

Fig 6: ClinCheck® pre-post treatment models 
superimposed

Fig 5: Post-treatment model

Fig 4: Pre-treatment model

Pre-treatment

Post-treatment

ClinCheck® pre-treatment

ClinCheck® predicted

Fig 7: ClinCheck® pre-predicted and pre-post treatment models superimposed using 
the palate as reference landmark 

Fig 8: ClinCheck® predicted tooth and post-treatment 
tooth superimposed

Fig 9: Euler angles

Table 1: Hotelling’s T-squared Test p-values (adjusted for multiple testing) 

Tooth Measure p-value
Rotation (Phi) 0.00126**

Torque (Theta) 0.00029***

Tipping (Psi) 1.00000

Buccal-lingual (X) 0.48819

Mesial-distal (Y) 1.00000

Vertical (Z) 0.08637

** P < 0.01; *** P < 0.001.
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METHODS
Dentin blocks were prepared from human root dentin. To form biofilms, 
Enterococcus faecalis and plaque were introduced into dentinal tubules 
using centrifugation. After three weeks, two infected dentin samples were 
placed at 8 mm and 16 mm in a customized model (Fig.1). Samples were 
randomly divided into eight groups according to the agitation device used 
(Fig.2): Syringe needle irrigation (SNI), EndoActivator (EA), passive 
ultrasonic irrigation (PUI), and EDDY, with 2.5% and 6% NaOCl
concentrations. Samples were stained and observed using CLSM to 
quantify the proportions of killed bacteria in dentin canals. Statistical 
analysis was completed using independent sample t-test and ANOVA. CONCLUSIONS

EDDY was as effective as PUI when used with concentrated NaOCl and 
demonstrated enhanced antibacterial effects against single and multispecies biofilms 
in the dentinal tubules. Apical portion with low antimicrobial efficiency remains a 
concern.
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RESULTS
There were no significant differences (p > 0.05) between single- and 
multispecies biofilms. The killing of biofilms in dentin tubules was more 
effective when NaOCl was agitated (Fig. 3 & 4). NaOCl concentration, 
location of infected dentin and agitation device used each played a role in 
the killing efficacy (Fig. 4, 5 & 6). There were no significant differences 
between the killing efficacies of EDDY and PUI.
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Figure 2. Flowchart showing experimental groups.

Figure 3. Confocal imaging (CLSM) of viability stained biofilm. 
Exposure of biofilm to different irrigants (sterile water, 2.5% NaOCl, and 
6% NaOCl), 1 min of different activation devices (No agitation, SNI, EA, 
PUI, and EDDY) on two different dentin block locations (8 mm, 16 mm).

Figure 5. The effect of different activation devices and two NaOCl concentrations on the rate of 
biofilm killing.

Figure 6. The effect of different activation devices and the two dentin block  locations on the rate of 
biofilm killing.
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OBJECTIVES
Endodontic treatments aim to prevent or heal apical periodontitis. Some 
endodontic infections are persistent and are mainly caused by bacterial 
invasion and colonization in dentinal tubules. These bacteria are capable 
of forming biofilms. Eradicating biofilms makes endodontic treatment 
more challenging. Because they render areas that cannot be touched by 
rotary files, mechanical instrumentation alone cannot eliminate biofilms. 
Other chemical aids, such as sodium hypochlorite (NaOCl), are 
necessary to improve bacterial reduction. Studies have shown 
supplementing NaOCl with different contemporary agitation devices 
optimize treatment outcomes. Our objective was to compare antibacterial 
effects of different agitation devices and NaOCl on single- and 
multispecies biofilms in dentin canals using confocal laser scanning 
microscopy (CLSM). We hypothesize there are no differences between 
root canal agitation devices in eliminating single- and multispecies 
biofilms in dentin canals.

Hypotheses 

Figure 4.  Higher killing rate in the 8 mm dentin block location in both 
single- and multispecies biofilm under two concentrations of NaOCl.

Figure 1. Two dentin blocks infected with the same biofilm, placed at 8 mm 
and 16 mm, and soaked in 0.6 ml of the irrigant solution.



Validation of Apple iPhone /Bellus3d App for 3D Facial Imaging
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METHODS
Thirty adult participants were included in the study. Eighteen soft-tissue 
landmarks were determined on each participant and 3D facial images 
were captured using both devices. The previously validated 3dMD 
photogrammetry system was used as the reference data. The 3D facial 
surfaces for each system were registered, heat maps generated, and 
global root mean squared (RMS) error calculated . Registration based on 
the iterative closest point (ICP) algorithm was calculated by reverse 
engineering software (Geomagic X Studio) and was used to evaluate the 
3D global and practical accuracy of the smartphone.

CONCLUSIONS
These results indicate that 3D facial surface images acquired with the 
iPhone/ Bellus application are sufficiently accurate for clinical applications 
where a high-resolution image is not required. There is a significant error 
in the neck region, related to the capture technique as directed by the 
Bellus app. 
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OBJECTIVES

Three-dimensional facial imaging is becoming increasingly popular in 
clinical settings, offering the ability to create the virtual 3D patient. The 
advances in smartphone technology have been impressive and some of 
these phones have 3D facial imaging capability. The benefits of 
accessibility, ease of use and low-cost compared to the larger stationary 
cameras are attractive.  This study compared whole 3D surface geometry 
obtained using two three-dimensional facial imaging systems in a sample 
of adult participants: The Apple iPhone (using the Bellus3D Face 
Application) and the widely used and extensively tested stationary 3dMD 
face system.  The goal was to determine the concordance between these 
two systems, one new and one more established. 

RESULTS

Using error magnitude statistics, linear distances were also compared 
between the cameras. The distances to date (we are still analysing data) 
are relatively comparable across the two cameras. The average value 
presently of the 30 surfaces to surface comparisons are 0.6mm ( Range -
1.8 mm – 2.7mm).  In each case, the vast majority of the facial surfaces 
were within the 2mm threshold.  Areas exceeding 2mm were generally 
limited to the facial areas containing hair, and to areas subject to facial 
micro expressions.  There were also issues in the neck region due to the 
necessity of head rotation during image capture with the smartphone.
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Pilot Study Comparing Two Methods for Evaluation of Facial Asymmetry
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METHODS
We randomly selected 10 CBCTs of pre orthodontic patients (Age 7-9 
years old) for this pilot study from a larger dataset. 51 landmarks spaning
the different craniofacial bones were annotated twice with a gap of  7 
days by the same examiner, using 3D Slicer  software (Figure 1). To 
assess intra-examiner error in landmarking, the euclidean distance 
between the landmark coordinates of the two attempts was determined. 
To assess asymmetry, two methods were used: 1) The traditional plane 
construction (TPC) method which requires the placement of Axial (X), 
Sagittal (Y), Coronal (Z) planes followed by assessment of projected 
distances from each landmark to each plane (Figure 2 A). 2) Geometric 
morphometric (GM) analysis which uses the centroid  (geometric center) 
of the landmarks to superimpose the mirrored landmarks over the original 
landmarks, using a Procrustes based, best-fit superimposition to 
determine asymmetry (Figure 2 B). CONCLUSIONS

Significant asymmetries in the craniofacial skeletal regions were identified 
using both methods, however, they analyze asymmetries differently. 
While similarities in outcomes were found around orbital margins and 
zygomatic arch, the results in other regions did not perfectly match with 
GM analysis showing more areas of asymmetry than the traditional plane 
construction method. 

OBJECTIVES
The craniofacial skeleton can display significant amount of asymmetries, 
which are difficult to objectively quantify(1). Three main types of 
asymmetry are described in the literature depending on the differences 
between side allocation (left and right): fluctuating, directional and 
antisymmetry (2,3). These asymmetries are typically assessed using 
annotated landmarks and constructed planes placed on 2D or 3D images 
of individuals’ craniofacial skeletons (4-8). However this method is prone to 
methodological variability, which is circumvented using Geometric 
Morphometrics approaches, which evaluate asymmetry without planes (9). 
The aim of this pilot study is to compare these two methods in assessing 
maxillo-mandibular asymmetries.

RESULTS
Landmarking error was low, ranging from 0.125-0.46 mm. TPC method 
revealed statistically significant differences (P < 0.05) between the right 
and left upper first molar (UM) in the axial plane, supra orbitale (SO), 
frontozygomatic suture (FZ), and infraorbital foramen (IOF) in the sagittal 
plane, and zygomatic arch (Zy) landmark in the coronal plane (Table 1, 
Figure 3). The GM analysis revealed statistical significant directional 
asymmetries. The outer orbital margin and zygoma landmarks were 
further apart (larger) on the left side, while they were closer (smaller) on 
the  right. Additionally, the inner orbit, maxilla and mandibular ramus appeared 
larger on the right side (Figure 4).
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UM X 35.332 + 2.774 35.965 + 2.720 0.632 0.008
UM Y 24.851 + 1.652 25.190 + 1.306 0.339 0.493
UM Z 51.101 + 2.903 50.920 + 2.545 -0.181 0.741
SO X 34.367 + 1.359 34.419 + 1.387 -0.052 0.876
SO Y 23.169 + 1.902 26.426 + 2.234 3.258 0.007
SO Z 75.839 + 3.441 74.832 + 3.035 -1.007 0.193
FZ X 22.940 + 1.165 22.757 + 1.515 0.182 0.713
FZ Y 43.559 + 1.157 44.227 + 1.471 0.668 0.042
FZ Z 65.315 + 3.107 64.405 + 3.030 -0.909 0.139
Zy X 1.789 + 1.226 1.743 + 1.279 -0.046 0.846
Zy Y 58.424 + 2.252 59.046 + 2.096 0.622 0.165
Zy Z 24.234 + 5.006 26.898 + 3.711 2.664 0.013

IOF X 6.367 + 1.027 6.325 + 1.503 -0.042 0.874
IOF Y 21.878 + 1.508 22.844 + 1.275 0.966 0.020
IOF Z 69.393 + 3.060 69.369 + 2.996 -0.024 0.942Fig 1: Landmarks used in the study seen from the frontal (A) and 

lateral (B) views.

(A) (B)

Fig 2: A) Traditional plane construction method with sagittal (yellow), axial 
(red) and coronal (green) planes. B) Landmarks superimposed (GM 
analysis) frontal view. 

(A) (B)

Fig 4:  Directional asymmetry assessed 
using GM. Heatmap depicts the 
landmark displacements interpolated 
onto a 3D segmentation of a 
representative skull. Areas in yellow 
and red are larger, while in blue and 
light blue are smaller and green are 
similar on the two sides. The results 
suggest that the outer orbital margin 
and zygoma are larger on the left side 
while the inner orbit, maxilla and ramus 
of the mandible larger on the right side. 

Table 1: Landmarks revealing statistically significant asymmetry using the 
TPC method. UM: Upper first permanent molar, SO: Supra orbital, FZ: 
Frontozygomatic suture, Zy: Zygomatic arch, IOF: Infra orbital foramen, 
X: Axial plane, Y: Sagittal plane, Z: Coronal plane. 

Left Right Mean 
Difference 
Right-Left

P Value

Landmarks Mean + SD Mean + SD P < 0.05

Fig 3: TPC analysis with landmarks showing statistically significant 
differences. A) Frontal view with landmarks SO, FZ and IOF are further 
away from sagittal plane than left side. UM is closer to axial plane on the 
left side. B) Lateral view with zygomatic arch landmark closer to coronal 
plane on the left side. 

(A) (B)
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Methods
A literature search (PubMed) was conducted to evaluate the current state 
of knowledge regarding the increased thrombosis risk resulting from 
SARS-CoV-2 infection. From a general perspective, there is a plethora of 
literature (424 review articles published) on the general topic of COVID-
19 and thrombosis. 
This project focused on those published articles with a specific, cellular-
level focus to summarize current knowledge of the platelet-specific 
response to SARS-CoV-2 and its contribution to thrombosis.

CONCLUSIONS

Background and Objective
Infection with the novel severe acute respiratory syndrome-related 
coronavirus 2 (SARS-CoV-2) confers an increased risk of thrombosis, 
including thromboembolism and cerebrovascular accident (stroke). 
Platelets have an undisputed and central role in hemostasis and 
thrombosis. When presented with acute respiratory diseases such as 
asthma, allergic diseases and severe pneumonia, platelets engage in a 
multitude of physiological processes and signaling pathways that 
accelerate the pathogenesis of the diseases. However, the molecular 
mechanisms underlying COVID-19-associated thrombosis are not well 
understood.  The objective of this project was to review the potential 
virus-platelet signaling pathways that may explain the increased risk of 
thrombosis resulting from COVID-19.

SARS-CoV-2 and platelet ACE2
Platelets’ complex and dynamic physiology gives rise to their versatile 
and functional capability to behave as inflammatory cells. Platelets 
express chemokine receptors, toll-like receptors and adhesion molecules, 
which are functioned to sense and respond to infectious signals and allow 
viral ingress (Vieira-de-Abreu et al.)  Notably, the prospect of platelets’ 
expression of ACE2, a host cell receptor for SARS-CoV-2, plausibly 
explains platelet hyperactivity and increased thrombosis risk from 
COVID-19. In conjunction with TMPRSS2, SARS-CoV-2 virus-cell 
membrane fusion and viral entry are facilitated. However, conflicting 
evidence exists regarding the expression of ACE2 by platelets. 
Zhang et al. (J. Hematol. Oncol., 2020) report the presence of platelet 
ACE2; Manne et al. (Blood, 2020) report an absence of ACE2 
expression. The reason for this discrepancy is unclear at this time.
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Physiology of platelet activation
Platelets circulate at a concentration of 150,000-450,000 cells per µl of 
blood. In their quiescent form, platelets are round discs that become 
activated upon binding of their cell surface receptors (Fig. 1) to their 
corresponding ligands, e.g. by injury or infection.

Figure 1. Illustration of platelet receptors (from Olumuyiwa-Akeredolu et al., Nat. Rev. 
Rhematology, 2019).

Upon activation, platelets undergo a marked 
shape change (Fig. 2). The platelets’ 
biologically active molecules are stored in 
granules (alpha-granules, dense granules 
and lysosomes) that merge with the plasma 
membrane and the open canalicular system 
to allow release of the granule contents.

Figure 2. Illustration of platelet granules and secretion from activated platelets (from 
Kahr et al., Blood, 2009).

COVID-19 increases resting 
platelet activity

SARS-CoV-2 and MAPK activation
The mitogen activated protein (MAP) kinase signaling pathway is central 
to multiple cellular functions. MEK/ERK and p38 are well-characterized 
modules of MAPK and are reportedly activated by SARS-CoV-2 (Fig. 6).

Figure 3. Increased surface P-selectin in platelets 
obtained from healthy control donors and COVID-19 
patients. Data from Manne et al., Blood, 2020.

Figure 4. LEFT: Data 
from Zaid et al. (Circ. 
Res., 2020) compare 
the release of the pro-
inflammatory cytokine 
interleukin-1beta from 
COVID-19 platelets and 
controls. RIGHT: Data 
from Zaid et al. (Circ. 
Res., 2020) measure 
changes in platelet 
cytokine levels in 
COVID-19 vs. health.

• SARS-CoV-2 infection increases platelet reactivity 
and the release of pro-inflammatory cytokines.

• MAPK signaling is elevated, although the expression 
and role of the platelet ACE2 receptor is unclear.

• SARS-CoV-2 platelet signaling is a likely explanation 
for the increased thrombosis risk from COVID-19.

Figure 5. Illustration of the MEK/ERK 
signaling pathway. B-Raf
phosphorylates Mek, which in turn 
subsequently phosphorylates Erk. 
Figure from Alberts (ed), Molecular 
Biology of the Cell, 5th edition, 2008.

Figure 6. Elevations in ERK1/2 (top)
and p38 (bottom) activity in platelets 
from COVID-19 patients vs. controls. 
Data from Manne et al., Blood, 2020.

The surface expression of P-selectin (CD62P) is a well-established 
marker for platelet activity, specifically as an indicator for alpha-granule 
release. Multiple studies report increased surface P-selectin                    
in platelets from COVID-19 patients (Fig. 3), compared                           
to healthy controls (Bongiovanni et al., Cell Death and                   
Disease, 2020; Zhang et al., J. Hematol. Oncol., 2020;                    
Manne et al., Blood, 2020; Zaid et al., Circ. Res. 2020).

COVID-19 increases the content of 
platelet pro-inflammatory cytokines

In addition to coagulation factors, platelet granules contain and release a 
multitude of pro-inflammatory cytokines; the morbidity associated with 
severe COVID-19 is attributed to an over-exuberant “cytokine storm.” 
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METHODS

The implants (N=20) that were determined to have failed by the clinician were
removed and instantly processed for scanning electron microscope analysis.
The explanted implants fixtures were prepared and fixed in the same day with
multiple chemical steps in the lab by preparing 2.5% glutaraldehyde in 0.1M
PIPES pH 7.4. Once fixed, the implants were imaged at different levels (from
crest to the apex). Bacterial morphotypes in each level were further analyzed
at higher magnification to enable identification. Bacterial morphotypes were
then divided into cocci, rods, filaments and spirilla/spirochetes. In addition,
bacterial aggregations were classified as corncobs, bristle brushes and
hedgehogs.

CONCLUSIONS

In our preliminary data analyses , the profiles of morphotypes present in
biofilms in PI were highly variable and did not clearly associate with implant
surface topography. Interestingly, similar morphotypes were found throughout
the entire implant surface. The data collection ceased as of March 2020, due
to COVID-19 Pandemic. Due to relatively small number of implants collected
thus far, more implants need to be collected and analyzed to reach final
conclusions of the study.
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OBJECTIVES

Dental implants have become routine part of daily dental practice. About 20%
of subjects receiving implants develop peri-implantitis (PI) that associates with
progressive inflammation and bone loss around implants, often leading to the
implant failure1,2. PI exposes rough surface of implants and facilitates biofilm
formation3. Many studies have focused on dissecting biofilm composition in
pockets of PI. These studies have revealed the presence of red and orange
complex bacteria and other species in PI 4,5,6. Although consensus on
microbial profile in PI is still lacking, the PI microbiome is considered
microbially distinct ecosystem. Microbial samplings of PI lesions have largely
focused on analyzing bacterial species that have been shed from the implant
surface and captured in the pocket fluid. Little focus has been placed on the
biofilms that occupy the implant surface. The purpose of the present study
was to investigate the morphotypes of bacteria in microbial ecosystem that
covers the implant threads and explore whether different brands of implants
favor different morphotypes and whether certain morphotypes were
associated with more advanced disease

RESULTS

Implants removed due to PI demonstrated the presence of variable bacterial
morphotypes that did not correlate to disease progression in our preliminary
analyses. Some implants were dominated by filaments and others showed
presence of combinations of cocci and rods or mixed morphotypes of spirilles
and spirochetes (Figs. 1-4). In general, similar morphotypes were found along
the entire implant from the crestal region to the most apical affected areas. In
addition, our preliminary data suggest that there was no special correlation
between bacterial morphotypes and the implant brand. In addition to the
morphotypes, several implants showed mature biofilm with bacterial
aggregates presenting complex structures like corncobs, test-tube brushes
and hedgehogs that are often present in old supragingival plaque deposits.
The samples showed various patterns and shapes of the microbiome on the
surfaces of the implants (explanted due to advanced peri-implantitis). The
surface topography of the underlying implant was visible in some areas which
accommodated the bacteria. The various morphologies of the titanium
surfaces were evident such as 'the anodically oxidized surface' (Ti-Unite,
Nobel Biocare), 'SLActive surface' (Straumann), 'Blasted surfaces and coated
with Fluoride' (Astra Tech) and 'Sandblasted and Acid-etched surfaces'
(Ankylos).
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Figure 1. Implant explanted due to peri-implantitis shows
presence of mainly rods, long filaments and cocci.
Filaments with cocci often aggregate to corn-cob like
formations due to extensive cell-cell interactions.

Figure 2. Implant explanted due to peri-implantitis shows the
presence of biofilm largely composed of filaments some of
which hide in the pits of the rough surface.

Figure 4. Complex morphological features (A: 20,000X) in SEM analysis
of the biofilm on the failed implants surfaces showed similarities such
as ‘corncobs’ (B:1000X), ‘hedge-hog’ (C:5000X) and ‘test-tube brush’
(D:2000X) to those on the natural teeth

Figure 3. Oral biofilm in the middle third of the
contaminated implant surface area showing a
complex to illustrate the microbiome forms a
community with layers of different species. (a.
removed implant, b. 100X, c. 500X, d.1000x)
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METHODS
• Provincial and territorial protocols for the reopening of dental services during the 

COVID-19 pandemic were reviewed between April 15 and July 13, 2020.

• A search was conducted via mailing lists from regulatory bodies, the websites of 
organized professions and the government, Google Scholar, and personal 
contacts through academic institutions and dental policy leaders in Canada. 

• The protocols were assessed in eight areas of interest: office management & 
procedures, patient and staff screening, treatment procedures, office layout, 
personal protective equipment, transmission risk reduction, supporting 
information, and length and readability.

CONCLUSIONS
• The information conveyed across all protocols were clear, but variance 

highlighted the need for a coordinated effort to develop an evidence-based 
document in order to minimize uncertainty among dental professionals.

• Although all protocols seemed easy to read, it was apparent that good quality 
evidence-based information was limited; non-referenced material was used. 

• As new evidence-based knowledge is produced, these protocols and 
recommendations had been continually updated and made available to the 
profession.2
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OBJECTIVES
• Uncertainties among dental professionals following the release of BC’s provincial 

protocol prompted a review of available provincial and territorial protocols.1

• The aim of this study was to systematically analyze the Canadian provincial and 
territorial protocols in contrast with existing evidence.

RESULTS
• The 13 protocols identified varied in the level of details provided. 

• Consistency was found in patient and staff screening, treatment procedures, and 
supporting information. 

• Variation was found in office management & procedures, office layout, personal 
protective equipment, transmission risk reduction, and length and readability. 

• Office management & procedures: minimizing access points, having patients 
waiting outside, signage, patient face coverings.

• Office layout: designated areas for donning and doffing of PPE, specific 
closed operatory for aerosol-generating procedures.

• Personal protective equipment: recommended mask types, eye and face 
shield protection, head coverings

• Transmission risk reduction: consulting an HVAC professional, amount of 
time needed for aerosol droplets to settle prior to disinfection of the room

• Length and readability: number of pages

• Recommendations were often lacking evidence.
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Office Management & Procedures
Minimize access points  N/S N/S   N/S N/S N/S N/S N/S N/S N/S 
Patient wait in 
car/outside

N/S N/S N/S N/S    N/S  N/S N/S  N/S

Signage upon 
entry/admission

 Consider    N/S   N/S    

Patient face covering N/S N/S    N/S  N/S Consider    Advise Patient

High-touch surfaces Clean 
regularly

Clean & 
Disinfect 
2x/daily

Clean 2x/day
Sanitize 

frequently

Clean & 
Disinfect 
2x/day

Disinfect 
regularly

Clean & 
Disinfect 

frequently

Disinfect 
2x/day

Clean 2x/day Clean 2x/day
Clean & 
Disinfect 
2x/day

Clean daily
Clean & 
Disinfect 
2x/day

Water lines
Flush 20-30 

secs (before & 
b/w pts)

Shock after 
extended 

break 
N/S N/S

Shock after 
extended 

break

Flush 2 mins 
(start of day) 

& 30 secs 
(after pts)

N/S
Shock after 
extended 

break
N/S

Shock after 
extended 

break

Shock at start 
of each clinic 

visit

Flush 2 mins 
(start & end of 

day)

Shock after 
extended 

break

Office Layout
Enclosed AGP room N/S N/S  N/S  N/S N/S N/S N/S    
Specified donning/ 
doffing areas

 N/S  N/S N/S N/S  N/S N/S N/S N/S N/S 

Personal Protective Equipment
N

AG
P

Mask type & ASTM 
level

Surgical 2/3 Surgical 2/3 Surgical 2/3 Surgical 2/3 Surgical 2/3
Surgical 

Level N/S
Surgical 3 Surgical 2/3 Surgical 2/3 Surgical 2/3 Surgical 2/3

Surgical 2 or 
higher

Surgical 2/3

Eye protect 
OR


OR OR AND/OR


OR OR OR OR OR ORFace Shield N/S N/S N/S

Office Attire    When possible         
Gown/Lab coat N/S N/S  N/S N/S N/S N/S N/S N/S     

AG
P

Mask type & ASTM 
level

N95
OR 

Surgical 3 + FS

N95
OR 

Surgical 3 + FS

N95/KN95
OR

Surgical 2/3 + 
FS 

N95
OR 

Surgical 3 + FS

N95
OR

Surgical 2/3 + 
eye protection 

and/or FS

N95
OR

Surgical Level 
N/S + FS

N95  
OR

Surgical 3

N95 
OR 

Surgical 2/3 + 
FS

N95 
OR 

Surgical 3

N95 
OR

Surgical 2/3

N95 
OR

Surgical 2/3
N95 N95 

Eye protect OR OR AND/OR OR AND/OR AND/OR
 

OR OR AND/OR
N/S

ORFace Shield   
Office Attire   N/S When possible         
Gown/Lab coat             
Head cover     N/S N/S  N/S   N/S N/S 
Booties  N/S N/S NS  N/S N/S  N/S N/S N/S N/S N/S

Transmission Risk Reduction

Pre-procedural
rinse (seconds)

N/S 1% HO2 (30) 1% HO2 (60) HO2 
1-1.5% HO2 

OR 1% PI (60)

1% HO2 OR  
0.5-2% PI (min 

30)

1-1.5% HO2 
(30-60) 

1-1.5% HO2 
(30-60)
optional

1% HO2 (60) N/S
1-1.5% HO2 

OR 1% PI (60)
Antiseptic (60 

or 2x30) 
1% HO2 (60)

HVAC/air filtration unit  N/S  N/S Consider N/S N/S Rec’d N/S    
Professional consult for 
HVAC

 N/S  N/S  N/S   N/S    

Settling time b/w pts 
(min) 

N/S N/S 15 N/S 15 Not required N/S 15 10 N/S 15 N/S 15

Length & Readability
Total number of pages 19 15 10 8 16 16 12 25 23 7 85 60 15
PPE/Procedure Table N/A   N/A   N/A N/A     
References N/A N/A N/A    N/A N/A     
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• South Asian countries constitute majority of the oral cancer cases 
globally with India reporting nearly 120,000 cases in 2018.1

• Oral cancer screening to detect early lesions can lead to significant 
reduction in mortality rates.2 However, there are no population-based 
nationwide screening studies in India.

• Rural communities  are highly vulnerable due to poor access to 
healthcare  facilities and rampant exposure to risk habits.3 

• The British Columbia Oral Cancer Prevention Program conducted a 
screening feasibility study in a rural community setting outside of 
Hyderabad, India, in collaboration with  MNJ Cancer Hospital, two dental 
colleges in Hyderabad, the Pain Relief & Palliative Care Society (local non-
government organization) and Two Worlds Cancer Collaboration 
Foundation (an international nonprofit organization). 

METHODS

REFERENCES

CONCLUSIONS
• This study highlights the challenges of community oral cancer screening such as 

infrastructure set up, biopsy on site and determining a triage and treatment 
pathway for detected lesions in a foreign country.

• FV can be a viable adjunct screening tool in this population though further 
training and experience is required to improve accuracy. 
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1. To determine the number of asymptomatic participants with high-risk 
lesions detected in a rural community setting in India

2. To assess if Fluorescence Visualization (FV) reveals more lesions (suspected 
dysplasia or cancer) than white light examination alone 

Inform patient ad  
release

RESULTS

Number of participants All No lesion  
N (%)

Lesion
N (%)

p
value

Total 107 93 (87) 14 (13)
Ever mouth problems

No 59 55 (93) 4 (7)
0.032

Yes 48 38 (79) 10 (21)

Ever Smoker1

No 72 62 (86) 10 (14)
1.000

Yes 34 30 (88) 4 (12)
Ever Alcohol

No 34 5 (15) 29 (85)
0.734

Yes 73 64 (88) 9 (12)
Ever chewer2

No 82 75 (91) 7 (9)
0.111

Yes 22 15 (68) 7 (32)
FV findings3

FV loss 9 0 9 (100)
< 0.05

FV retention 98 93 (92) 5 (8)

• Lessons from the feasibility study helped prepare for the pilot phase that involved 
the screening of over 1000 individuals in rural areas around Hyderabad. 

• Adjunct screening aids, like FV and quantitative cytology were used to assess if they 
improved accuracy and identify lesions at high-risk of oral cancer and precancer. 

OBJECTIVES

Feasibility screening camp was held in the village of Urella, 50 kms from Hyderabad on 
March 4, 2017.

Pre- screening camp  preparation  

Risk Factors

Figure 1. South Asian countries show the highest incidence of oral cancer due to 
the rampant use of chewing tobacco, betel quid and areca nut.

The objective of the study was as follows:

ACKNOWLEDGEMENTS

Table 1. Comparison of lesion absence or presence with risk habits and FV status 

Source : http://canceratlas.cancer.org/the-burden/cancer-in-southern-eastern-and-southeastern-asia

Figure 2. Screening Pathway

Recruit participants,  informed consent

Collect medical history, demographics and risk habit information

Extraoral Examination

Intraoral Examination

FV Examination

Lesion absent 

Inform patient and release

Lesion present 

Low-risk lesion

Inform patient and release

• Aphthous ulcer 
• Traumatic ulcer
• Candidiasis

•White/red lesions
•Lichen Planus

High-risk Lesion

Suspected cancer / high-grade dysplasia

Biopsy on site, 
Refer for treatment if required

Refer to MNJ hospital for 
complicated biopsy

A total of 109 participants were screened of which 107 had complete screening data. 
64% were male and 43 % were females. Mean age of the population was 53.6 ± 14.2 
years.

Table 2. Lesion type and biopsy 
diagnosis of high-risk lesions

Lesion Type * N (% of total 
population)

Low-risk lesion 11 (10)

High-risk lesion 7 (7)

Biopsy Diagnosis $

High-grade dysplasia/CIS 1 (0.9)

Hyperkeratosis 3 (2.8)

Table 3. Clinical high-risk lesion site and 
FV status

*# 4 participants had two lesions; $ 2 participants did not agree to biopsy

A B C

Figure 3. 60-year-old female presented with a mixed red and white lesion on the right 
lateral tongue (A) and left buccal mucosa (B). FV examination of both lesions (C, D) 
showed FV loss. On biopsy, tongue lesion showed carcinoma-in-situ and was referred to 
MNJ hospital for treatment. Biopsy was not performed on the buccal mucosa lesion. 

D

This study was supported through a grant from the Rix Family Foundation to Two Worlds Cancer 
Collaboration Foundation, Canada.

High-risk lesion N (% of total 
population)

Lesion Site

High-risk (tongue, floor of 
mouth,  soft palate) 1 (0.8)

Other 6 (6.2)

FV Status

FVL 7 (6.5)

FVR 0

1 Smoking data missing for 1 participant                                             Chi-square test done, row percentages reported
2 Chewing data missing for 3 participants
3 FV data missing for 3 participants

Planning and 
communication between 

Indian and Canadian 
partners facilitated by 

Zoom videoconferencing

Equipment
FV units were shipped 
from Canada for use as 

an adjunct screening tool

Training
40 Indian clinicians were 

trained on use of FV, 
study methodology and 

data collection 

Screening site set up
Camp held in community 
school. Secure electricity 

supply and facility upgrades 
were made

Community 
mobilization

Social workers spread the 
word about the camp in 

Urella village
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METHODS
Antimicrobial properties of four experimental bioactive adhesive (EBA)
loaded with bioactive nanoparticles and control (C) were tested.
Experimental and control standardized discs (4mm/1mm) were fabricated
and autoclaved. The S. mutans cells were refreshed, tested for purity,
and cultured. Sterile saline solutions were prepared with the microbial
suspension with starting CFU of 1x105/mL. The suspension (1 mL) was
dispensed into wells where the fabricated disks were placed. A 3-hour
incubation period was set to allow bacterial adhesion to the surfaces of
the resin disks. Subsequently, they were washed twice with saline. The
discs were placed in 0.5ml of saline solution and sonicated for 5 minutes
at 25ºC to allow the detachment of bacteria from the discs. From the
obtained solution, 10µl was removed and added to 90µl of saline. In a 96-
well plate the serial dilution was performed. Subsequently, 10µl of each
dilution obtained from each group was removed and dispensed onto agar
plates. They were incubated for 3 days in 5% CO2 at 37ºC, when
bacterial growth was measured. The entire study was done in triplicate.
Statistical analysis was performed with Student`s t-test method (p<0.05).

CONCLUSIONS

Among the EBA formulations, the promising bioactive undisclosed
nanoparticle was represented by EBA2 formulation. However, EBA3 and
EBA4 also showed a potential for reduction in microbial growth. Further
studies will consider adjusting the concentration of the bioactive
nanoparticles incorporated into the experimental adhesives.
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OBJECTIVES
To evaluate the antimicrobial effect of an experimental adhesive loaded 
with undisclosed bioactive nanoparticles.

RESULTS

The experimental BEA2 showed a statistically significant antimicrobial
effect against S. mutans compared to the control (C) and the other
experimental adhesives tested. Overall, three experimental adhesives,
EBA2, EBA3 and EBA4, showed some antimicrobial effect.
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Figure 1: Study results 

Experiemental 
Adhesive

Control – Experimental Adhesive

EBA 1: Experimental Adhesive + 10% Experimental Nanoparticle 1

EBA 2: Experimental Adhesive + 10% Experimental Nanoparticle 2

EBA 3: Experimental Adhesive + 10% Quitosan 1

EBA 4: Experimental Adhesive + 10% Quitosan 2

Standardized discs (4mm/1mm) were
fabricated and autoclaved to be tested in
strain of Streptococus Mutans

1mm

4mm

Experimental discs + 
1ml microbial solution

Experimental discs + 0.5ml saline 
solution and sonicated for 5 min

10µl solution + 90µl saline 
solution Dilution process

10µl of each dilution obtained from each group 
– incubation for 3 days in 5% CO2 at 37ºC 
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METHODS
• A pre/post study design examines changes in 

students’ knowledge, skills, and perceptions 
from baseline (2019-20) to post-implementation 
(2020-21) of the new curriculum.

• Ethics approval received from the UBC 
Behavioural Research Ethics Board (H20-
00358).

• A survey consisting of pre-validated course 
evaluation questions was implemented

• 15 close-ended statements rated using a 
5-point Likert scale (1 = strongly disagree; 
3 = neutral; 5 = strongly agree)

• 3 open-ended questions

CONCLUSIONS
Students’ responses support changes to the nutrition 
education curriculum. Results obtained post-implementation of 
the new curriculum will determine impact on students’ 
knowledge, skills, and perceptions of the new nutritional 
sciences curriculum.
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INTRODUCTION
• The delivery of comprehensive client care 

requires multidisciplinary interprofessional 
collaboration.1

• Integrating nutrition fundamentals into 
healthcare curricula may help address complex 
patient/client nutrition-related issues.2

• Nutrition education (21 hours) in the second 
year of UBC’s Dental Hygiene Degree Program 
(DHDP) has been revised and incorporates use 
of a contemporary blended, interprofessional 
and peer-to-peer (IP-P2P) pedagogy –
implementation begins January 2021.

RESULTS
• Baseline data is reported

• 23 second-year DHDP students (21 females, 2 males) participated (100% 
response rate) 

• 43% (n=10) of participants were 20-21 years of age 

• 39% (n=9) with some post-secondary education prior to entering the DHDP
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RESULTS

Overall Rating of Nutrition Education

4
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Figure 1. Overall rating of the nutritional science section of the course

Number of students

• I had to prepare for class in order to be successful: 
lowest mean (2.48 ± 0.93) and largest number of 
participants disagreeing (n=9)

• I understand the roles of other professionals within 
the interdisciplinary team and I would recommend 
peer-to-peer learning to other health: highest mean 
(3.96 ± 0.75 and 3.96 ± 0.81, respectively) and most 
participants agreeing (n=14 for both statements)

Open-Ended Questions

1. What did you like most about the course?
• Non-traditional activities (guided grocery store tour, 

dietary assessment and potluck/cultural recipe 
assignment)

2. What did you like least about the course?
• Teaching style and unclear expectations

3. How could this course be improved?

• More hands-on and/or outside-of-classroom activities
• More time allocated to dental hygiene-relevant nutrition 

content

0 5 10 15

Online components helped improve my
learning

Course work encouraged self-directed learning

Topics were presented in a logical sequence
and well organized throughout the course

The instructor encouraged active student
participation in class

Learning materials and resources were helpful

Strongly Agree Agree Neutral/ Undecided Disagree Strongly Disagree
Number of students

Selected Likert Scale Responses

Figure 2. Student perceptions of selected course elements

OBJECTIVES
• The purpose was two-fold:

1. To quantifiably measure students’ 
perspectives of how the old curriculum 
affected their learning.

2. To gain insight into what students value 
about interprofessional education and 
collaborative practice prior to curriculum 
revisions.
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METHODS

CONCLUSIONS
• The amount and duration of alcohol use before and after primary OSCC 

diagnosis was not associated with an increased risk of REC. 

• The risk of REC may be related to other factors such as treatment and stage 
at diagnosis rather than alcohol use.

• Alcohol use in inherently challenging to measure as participants may not 
disclose accurate consumption. An increase cohort will 

• Identifying the amount and duration of alcohol and tobacco use will aid in 
surveillance, early intervention for patients at high risk of RECs, and may 
identify how treatment differs with risk habit use of the patient.

• Future direction: Data analysis will continue focusing on the combination of 
alcohol duration and amount, for example, drinks per week, and REC.
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OBJECTIVES
• Objective: To determine if the amount and duration of alcohol use are 

associated with Recurrence (RECs)

• RECs are second oral cancers that recur at the same site or within three 
centimetres of the primary tumour.1

• Up to 30% of patients with a history of oral squamous cell carcinoma 
(OSCC) develop a REC.1

• Alcohol use is a top risk factor for primary oral cancers, combined with 
tobacco consumption, it attributes to about 75% of oral cancer in Canada. 2,3

• Continued alcohol use has been thought to increase chance of developing an 
REC by 1.3 times, however, the evidence is unclear.3,5,6 

7+ Drinks Per Week414+ Drinks Per Week4

Localized
85.1% 

Regional Spread
66.8% 

Distant  Spread
40.1% 

Due to aggressive 
metastasis, distant 
spread and high rates 
of recurrence the 5‐
year survival rate 
declines dramatically. 

5-year survival rate10

BC7 Canada8 World Wide9

Estimated New Oral 
Cancer Cases in 
2020

680 5,400 377 713

Estimated Oral 
Cancer  Deaths in 
2020

200 1,050 177 757

Oral Cancer Prevention 
Longitudinal Study (OCPL)

Current or past 
alcohol drinkers 

N=100

No history of alcohol 
use N=21

Inclusion Criteria
1) primary OSCC treated with curative intent 

2) former cancer site was disease-free for 2 months after treatment

N=121 All (%) REC (%) No REC (%) P=Value

Never Drinker 21 (17) 6 (29) 15 (71)
0.57

Ever Drinker 100 (83) 22 (22) 78 (78)

Not currently 
drinking 44 (36) 12 (27) 32 (73)

0.50
Current drinker 77 (64) 16 (21) 61 (79)

Never 21 (17) 6 (21) 15 (16)

0.84

Former drinker ‐
quit  before 
diagnosis

13 (11) 3 (11) 10 (11)

Former drinker ‐
quit at or after 
diagnosis

10 (8) 3 (11) 7 (8)

Current drinker 77 (64) 16 (57) 61 (66)

N=121 All (%) REC (%) No REC (%) P value

Alcohol use prior to primary dx
Duration 
(mean years ±
SD)

33.1 ± 18.6 30.6 ± 18.7 33.8 ± 18.6 0.43

Amount (drinks per week):

0 28 (25) 7 (27) 21 (24)

0.401‐20 62 (54) 16 (62) 46 (52)

21+ 24 (21) 3 (12) 21 (24)

Alcohol use after primary dx
Duration 
(mean years ±
SD)

1.3 ± 1.6 2.0 ± 2.0 1.2 ± 1.3 0.10

Amount (drinks per week):

0 50 (41) 11 (39) 39 (42)

0.701‐20 63 (52) 16 (57) 47 (51)

21+ 8 (7) 1 (4) 7 (8)

Table 3. Amount and Duration of Alcohol use in relation to time of primary diagnosis

Table 2. Alcohol as a risk factor RECs

Risk habit data was collected by questionnaire at recruitment and yearly 
in follow‐up until REC or last follow‐up visit. Data included alcohol type, 
amount and duration.
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OBJECTIVES

• This study aims to explore if LOH can predict the outcome of OPLs treated 
with either topical photodynamic therapy (PDT) or topical cryotherapy.

RESULTS

• Among the 28 patients/lesions that were assessed using the Chi-
square test (or Fisher’s exact test when necessary), there were no 
significant differences in the treatment outcome between variables.

• The effectiveness of various treatment therapies for oral premalignant 
lesions (OPLs) is difficult to gauge among different patients. 

• Emerging topical treatment modalities for OPLs include topical 
photodynamic therapy (PDT) or topical cryotherapy

• Loss of heterozygosity (LOH) at 9p, 3p, and 17p in OPLs are key 
biomarkers of oral cancer progression and recurrence.  

METHODS
A. Inclusion criteria for 

patients/lesions:
• Presence of dysplasia
• Received topical treatment
• At least 1-year post-treatment 

follow-up

B. Sample collection: Formalin-
fixed paraffin-embedded (FFPE) 
and cell brushing (N=28)

• PDT (N=20)
• Cryotherapy (N=8)

C. LOH assays using capillary gel electrophoresis and fluorescent-labelled 
microsatellite probes

Table 2A. Patient demographics and clinical features

Table 1A. Characteristics of Microsatellite markers
bp, base pair; IFNA, interferon alpha; CHRNB1, 
cholinergic receptor nicotinic beta 1 subunit; 
CPT2, carnitine palmitoyltransferase 2

Topical Treatment

Sample 
collection

Sample 
collection

OPL 
detected

Sample 
collection

1-year post-treatment

D. LOH analysis

• Peak areas between each of allele 
in dysplasia and paired control 
DNA

• Resolution of non-informative (NI) 
cases by creating a pseudo-peak 
using CPT2 gene

Table 2B. Assessment of differences in the treatment outcome between 
variables using Chi-squared (or Fisher’s exact test) 

LOH results – Cryotherapy persistent LOH results – Cryotherapy responded

Figure 2. Event calendar with respect to molecular profile; This diagram depicts the time of 
sample collection, the type of sample, the type of topical treatment, and the LOH status (MR1, 
no LOH in both 9p and 3p; MR2, LOH at 9p and/or 3p but no LOH at 17p; MR3, LOH in 9p, 3p, 
17p) for each patient. The vertical line on the right indicates the 1-year follow-up date.

CONCLUSIONS
• In this sample set, we did not find any possible biomarkers in the 

demographics, clinical features, or LOH risk patterns to predict the 
outcomes. Further investigation using alternative markers, like 
quantitative cytology, is underway.

Summary of LOH results with respect to molecular profile (Fig. 2)

• Possible reasons for non-significant results may include: 
• Small sample size
• Precision of treatment (affected nearby normal cells may sustain 

OPLs
• Treatment efficacy (topical treatment may not have not reached 

the basal epithelial layer where stem cells are located)
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METHODS
Semi-structured, remote interviews were 
conducted with 13 staff and 18 clients 
from six community-based organizations.  
The interviews were audio-recorded, 
transcribed verbatim, and coded for 
emerging themes using NVivo® 12 
software.  Participants’ names and other 
identifiers were kept confidential, and 
thematic analysis was performed. 

CONCLUSIONS
The curtailment of dental services further 
reduced access to dental resources and 
services among vulnerable populations, 
leading those with dental needs with few 
options. An oral health resource line may 
help improve access to dental 
information and services.
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RESULTS
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OBJECTIVES
• Vulnerable and marginalized 

populations often have increased risk 
of poor oral health and have limited 
access to dental care due to cost, fear, 
stigma, and discrimination.1-6

• Over the past decade, the University of 
British Columbia (UBC) Dental 
Hygiene Degree Program (DHDP) has 
been collaborating with six community-
based organizations that serve a 
variety of vulnerable and marginalized 
members to increase access to dental 
professionals in community settings 
where members feel more 
comfortable.

• However, in response to the COVID-
19 outbreak, all non-essential dental 
services were ceased across British 
Columbia between March 16 and May 
18, 2020.

• It is unclear how the curtailment of 
dental services has impacted 
vulnerable populations.

• The purpose of this study was to 
explore the impact of the dental 
service curtailment on vulnerable 
populations’ access to dental services, 
describe their coping mechanisms, 
and identify resources deemed 
necessary throughout the pandemic.

Dental Needs
• Generally consistent dental needs before and during COVID-19
• Common dental needs: assessments, preventive care, fillings, 
extractions, and dentures.
• Potentially amplified needs due to delay in services

“I think [dental needs] stayed the same. I think it was just like… a lot 
of dental services that I needed to get done like we had to wait 
obviously.” (Client 5)
“I would say [dental needs] actually got amplified because there were 
many people that had processes in place … then all offices were just 
closed … and just all the backlog now.” (Staff J) 

Access
• Decreased access to dental services due to offices being closed
• Clients without dental home unable to access dental services due to 
offices only admitting patients of record
• Clients with dental pain or emergencies struggle to access dental 
services

“I had a bridge come loose on one tooth and it finally the whole bridge 
came out but the dentists were closed so I couldn't do anything about it.” 
(Client 10)
“I have had quite a lot of clients with dental emergencies which have been 
really hard to navigate during COVID.“ (Staff I)
“[Clients] would phone around and other dentists would say sorry you're 
not one of our regular patients. So … we can't slip you in as an 
emergency. So I have had people that are suffering with the pain.“ (Staff 
L)

Coping Mechanisms
• Clients with dental pain and unable to access dental services resorted to 
accessing primary care, using medication or substances, and in extreme 
cases performing self-extractions.

“My tooth was … damaged so I was in pain … and my [dental] 
appointment it was like the pandemic and everywhere closing down and I 
had to wait and then I was a bit paranoid … and I get like medication pills 
and a tooth solution like numbs your gums and heal the pain.” (Client 14)
“We have had a few clients successfully receive emergency dental care 
but even the emergency dental care was like OK I see you in eleven 
days… So we turned to our our healthcare system separately for dental 
care because he needed to manage the pain. (Staff I)
“It’s so painful … I’ve had clients pull out their own teeth because they 
figured that’s what’s going to help.” (Staff L)

Facilitators
• UBC DHDP providing access to oral care supplies, regular preventive care, 
oral health education, and referrals to dental services
• Support from community organizations in finding dental offices, answering 
dental related questions, and navigating dental insurances
• Other facilitators: having dental insurance, being knowledgeable about 
personal oral hygiene, having positive previous dental experiences

“We're very grateful for the service that we've been provided by [DHDP] team 
… because it's really an area that gets overlooked and I think on another 
side is the financial side where their funds are very very limited.” (Staff F)
“I get so many questions about like dental stuff … mostly around insurance 
and money … money management is a big thing that we try to support 
people” (Staff I) 
“I do have dental [insurance] at my work … so I suppose that helps.” (Client 
3)

Barriers
• Non-COVID related barriers: cost, dental anxiety, oral health not being a 
priority, negative past dental experiences, discrimination and stigma from 
dental professionals
• COVID-19 related barriers: offices being closed, being considered high 
risk for COVID-19, COVID-19 anxiety, specific office requirements

“I didn't really go to the dentist very often and I'm just terrified of … the 
work that has been done and cost cost is a big deal.” (Client 3)
“I don't think it's safe to walk into a dental office with other clients and all 
the staff they have there right. So it would have to be a very painful mouth 
for me to do to go in there.“ (Client 2)
“If you can't get past [office] requirements that they have set up for 
themselves, you're not getting in to see the dentist… And frequently you're 
not getting [dental services] because you're an essential services worker 
and have a higher risk factor of being exposed to COVID.” (Staff J) 

Services and Resources
• Staff: COVID-19 protocol plan, a list of reduced-cost dental clinics, and free 
hygiene supplies
• Clients: information on dental services during COVID-19 about safety and new 
protocols, and preparation for a dental appointment.
• Oral health resource line may be helpful to provide referrals, assistance with 
insurance navigation, and answer questions

“As long as we’re complying with the protocol we should be fine. We would feel 
safe I say.” (Staff D)
“I think there's also a lot of anxiety [among clients]… So definitely like resources 
in terms of how to access and also what's safe to access.” (Staff A)
“Being able to say there's a place you can phone that can give you some basic 
answers. They're available to you. I think that would mean a lot. (Staff L)
“We get a lot of calls in here… Of where do we go, what do we do… I think any 
kind of information to help people get to the places that are available is good.” 
(Staff K)
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METHODS
Ethanol and aqueous extracts of 10 medicinal plants were prepared, concentrated, and tested
for their inhibitory activity against human CatK. The anti-collagenase activity towards CatK was
monitored by SDS polyacrylamide gel electrophoresis (SDS-PAGE). The active site-directed
activity was monitored using the fluorogenic substrate Z-FR-MCA.

CONCLUSIONS
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OBJECTIVES
Cathepsin K (CatK) is the predominant collagen-degrading protease in osteoclasts and a major
target for anti-osteoporosis drug development. We hypothesized that medicinal plants used for
skeletal-related illnesses in traditional Chinese medicine (TCM) might prevent the collagenase
activity of CatK by directly inhibiting its catalytic site or by preventing the protease’s complex
formation with chondroitin sulfate required for its collagenolytic activity. The aim of this study
was to test aqueous and ethanol extracts of 10 medicinal plants for inhibition of CatK.

REFERENCES
Cherney, M.M., et al., Structure-Activity Analysis of Cathepsin K/Chondroitin 4-sulfate Interactions. The 
Journal of Biological Chemistry, 2011. 286, 8988-8998.
Guo, Y., et al., Salvia miltiorrhiza: An ancient Chinese herbal medicine as a source for anti-osteoporotic 
drugs. Journal of Ethnopharmacology. 2014. 155, 1401-1416
Panwar, P., SØe K., Guido R.VC., Bueno R.V.C., Delaisse J., BrÖmme D. A novel approach to inhibit bone 
resorption: exosite inhibitors against cathepsin K. Br K Pharmacol. 2016, 173(2): 396-410.   

RESULTS

Figure 2: The IC50 graphs of Z-FR-MCA inhibition of ten ethanol and aqueous plant extracts. In
this fluorogenic assay, the CatK activity (5 nM) towards the substrate Z-FR-MCA (5 𝜇𝜇M) was
monitored for inhibition in the presence of plant extracts at excitation (380 nm) and emission
(450 nm) wavelengths.

IC50 values of extracts (𝜇𝜇𝑔𝑔/𝑚𝑚𝑚𝑚) determined
using the Z-FR-MCA assay

• Various medicinal plants extract showed inhibitor activity against CatK.
• Using the Z-FR-MCA assay, water and ethanol extracts of Fructus

Psoraleae, Cortex Eucommiae, Rhizoma Drynariae, Sclerotium Poriae
cocos, and Herba Epimedii showed most potent inhibitory activity
against CatK.

• Using the collagenase assay, Herba Epimedii, Sclerotium Poriae cocos,
Rhizoma Drynariae, Radix Astragali, and Cortex Eucommiae ethanol
extracts showed more than 50% inhibition of CatK activity. For
aqueous extracts, Herba Epimedii, Rhizoma Drynariae, Radix Astragali,
Cortex Eucommiae, Radix Angelicae Sinesis, and Rhizoma Atractylodis
showed more than 50% inhibition of CatK activity.

• In future studies, individual compounds of the most potent medicinal
plant extracts will be investigated for CatK inhibitory activity.

Excessive Cathepsin K

IMAGES: https://www.spondylitis.ca/complications/osteoperosis/ , https://en.wikipedia.org/wiki/Cathepsin_K and 
https://www.goherbalfood.com/news/Herba%20Epimedii.html

Table 2: The IC50 values for the inhibition of active site-directed activity was monitored by the
Z-FR-MCA activity assay. All ethanol and aqueous extracts showed sufficient inhibition of Z-FR-
MCA hydrolysis at their highest concentrations. Red colored numbers correspond to the ethanol
inhibitors most active in the collagenase assay (>50% inhibition). Blue colored numbers
correspond to the aqueous inhibitors most active in the collagenase assay (>50%) inhibition.

Figure 3: Comparison of IC50 values
for ethanol and aqueous extracts.
Ethanol extracts were 2- to 80-fold
more potent than aqueous extracts.
From these, the ethanol extracts of
Radix Rehmanniae preparata,
Sclerotium Poriae cocos, Radix
Astragali, Radix Angelicae Sinesis,
and Rhizoma Atractylodis showed
the most potent inhibitory activity
against CatK.

IMAGE: 
https://www.goherbalfood.com/news/Herba%20Epimedii.html

Herba Epimedii Rhizoma Drynariae

IMAGE: https://tcmwiki.com/wiki/rhizoma-drynariae

Cortex Eucommiae

IMAGE: 
http://www.itmonline.org/arts/eucommia.htm

Sclerotium Poriae cocos

IMAGE: 
https://www.trilogyproducts.co.nz/blogs/ingredients/poria-
cocos-extract

Active-site activity monitored by Z-FR-MCA activity assay

Anti-collagenase activity of plant extracts monitored by SDS-PAGE 

DC

Figure 1: The anti-collagenase activity of ten ethanol (A,C) and aqueous (B,D) extracts towards
CatK monitored by SDS-PAGE. CatK (400 nM) was incubated with 0.6 mg/ml type I collagen at
pH 5.5 and 28°C for 4h. Here, ethanol extracts displayed stronger inhibition than aqueous
extracts. Herba Epimedii, Sclerotium Poriae cocos, Rhizoma Drynariae, Radix Astragali, and
Cortex Eucommiae ethanol extracts showed more than 50% inhibition of CatK activity. For
aqueous extracts, Herba Epimedii, Rhizoma Drynariae, Radix Astragali, Cortex Eucommiae, Radix
Angelicae Sinesis, and Rhizoma Atractylodis showed more than 50% inhibition of CatK activity.

The aqueous extract of Rhizoma Atractylodis may contain ectosteric inhibitor, which selectively 
inhibits collagenase activity of CatK. 

https://www.spondylitis.ca/complications/osteoperosis/
https://en.wikipedia.org/wiki/Cathepsin_K
https://www.goherbalfood.com/news/Herba%20Epimedii.html
https://www.goherbalfood.com/news/Herba%20Epimedii.html
https://tcmwiki.com/wiki/rhizoma-drynariae
http://www.itmonline.org/arts/eucommia.htm
https://www.trilogyproducts.co.nz/blogs/ingredients/poria-cocos-extract
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METHODS

CONCLUSIONS

RESULTS
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Experimental Design
• A transparent, 3D-printed, micro-CT scan-based resin mandibular 

molar tooth was selected.
• Six materials (4 beads, 2 manually ground) of different density were 

passively placed into the apical part of the distal root canal.

• Materials were removed using three irrigation methods at manufacturer 
recommended maximum irrigation times and at different irrigant flow 
rates, resulting in seven experimental irrigation groups (Gr):

1. GentleWave (7 minutes)
2. SNI: open-ended (OE), Flow rate 5 mL/min (2 minutes)
3. SNI: open-ended, Flow rate 15 mL/min (2 minutes)
4. SNI: side-vented (SV), Flow rate 5 mL/min (2 minutes)
5. SNI: side-vented, Flow rate 15 mL/min (2 minutes)
6. PF US: Flow rate 0 mL/min [no flow] (1 minute)
7. PF US: Flow rate 15 mL/min (1 minute)

OBJECTIVES
During root canal treatment, small pieces of material, typically from dental 
restorations, may accidently fall into the apical root canal obstructing and 
possibly compromising endodontic treatment. Various traditional methods 
have been recommended for removal of these materials; however, each 
method has potential concerns1. Therefore, it is important to find a safe 
and effective method to remove these materials. The aims of this study 
were: i) to examine and compare to a multisonic cleaning system, 
GentleWave (GW), the efficacy of irrigation by conventional irrigation 
methods of syringe needle irrigation (SNI) and ProUltra PiezoFlow 
ultrasonic (PF US) irrigation in removing materials from the apical root 
canal and ii) to determine if the efficacy is affected by canal orientation 
and irrigant flow rate.

The GentleWave system was the most effective in removing material from 
the root canal. Removal of material was affected by flow rates, but not by 
canal orientation.  

1. Hülsmann, M. (1993). Methods for removing metal obstructions from 
the root canal. Dental Traumatology, 9(6), 223-237. 

Table 1. Amount of materials removed (at maximum recommended irrigation times)

Table 2. Amount of materials removed (at a standardized 1-minute irrigation time)

METHODS
• For each material, each irrigation group was repeated 10 times, five in 

horizontal and five in vertical canal orientations (combined n = 10) 
using distilled water. Therefore, on the same resin tooth, a total of 420 
irrigations were performed (60 per irrigation group). 

• Material removal was assessed using visual evaluation under a stereo 
microscope. The results were analyzed for the amount of different 
materials removed and for completely cleaned canals at maximum and 
1-minute irrigation times by each irrigation method. The percentage of 
materials removed in each irrigation group was compared to GW. The 
effect of canal orientation and flow rate on material removal was 
analyzed. Statistical significance for all tests was set at p<0.050. 

Polyethylene Glass Titanium Stainless steel Gold alloy dust Amalgam dust

Horizontal Vertical

RESULTS
Table 3 and Figure 1. The percentage of materials removed in different irrigation groups (all materials 
combined; n = 60)

Table 4 and Figure 2. The percentage of materials removed in different canal orientations (all materials 
combined; n = 210)

Table 5. The percentage of materials removed at different flow rates (all materials combined; n = 60)

Overall Results
• Compared to the other irrigation methods, the GentleWave system 

was most effective at 7-minute maximum and 1-minute irrigation times 
in removing materials from the apical root canal (Tables 1 and 2). 

• Combining all materials tested, all other irrigation groups removed the 
materials significantly less well than GW (Table 3 and Figure 1). 

• The orientation of the canal, horizontally or vertically, did not 
significantly affect the ability of the irrigation methods to remove the 
materials (Table 4 and Figure 2). 

• Higher irrigant flow rates using open-ended syringe needle and 
PiezoFlow ultrasonic were significantly more effective than lower flow 
rates in removing materials (Table 5).

Irrigation Method 
(flow rate) Mean + sd (%) P values#

SNI OE (5 mL/min) 74.6 + 20.9
0.001

SNI OE (15 mL/min) 86.0 + 16.7
SNI SV (5 mL/min) 42.0 + 17.1

0.157
SNI SV (15 mL/min) 46.4 + 16.5 
PF US (0 mL/min) 0.2 + 1.4

<0.001
PF US (15 mL/min) 45.5 + 18.7

#Independent sample t test

Irrigation 
Group

Mean + sd 
(%)

P values#

(Gr vs. GW)
GW 98.6 + 6.3

SNI OE 
(5 mL/min) 74.6 + 20.9 <0.001

SNI OE 
(15 mL/min) 86.0 + 16.7 <0.001

SNI SV 
(5 mL/min) 42.0 + 17.1 <0.001

SNI SV 
(15 mL/min) 46.4 + 16.5 <0.001

PF US 
(0 mL/min) 0.2 + 1.4 <0.001

PF US 
(15 mL/min) 45.5 + 18.7 <0.001

#One-way ANOVA with Dunnett’s post-hoc test

Canal 
Orientation Mean + sd (%) P value#

Horizontal 54.1 + 34.8
0.208

Vertical 58.3 + 33.7

#Independent sample t test

GW
SNI OE

(open-ended needle)
SNI SV

(side-vented needle)
PF US

(open-ended needle)
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METHODS

CONCLUSIONS
The results of this study demonstrated CA to be an adequate occlusive barrier
on oral herpetic lesions in limiting viral spreading. Average healing time for
lesion post CA application matched literature timeframes. VAS scoring
identified acceptance and low post-application pain.

Due to the irregular frequency of HSV reactivation, results demonstrated
difficulty with detecting asymptomatic reactivation, even in subjects with a
known positive history of herpetic lesions. Therefore, this study was not able
to compare HSV shed during asymptomatic and symptomatic reactivations.
For future studies, the participants with hx of HSV oral lesions should be
followed up more frequently to detect asymptomatic shedding.

ACKNOWLEDGEMENTS
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help in analysing viral swabs with polymerase chain reaction assay. 

OBJECTIVES

RESULTS
• In total, 17 out of 21 participants self-reported a history / unknown history of 

HSV lesions.
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Hypotheses:

• The application of CA to a herpetic lesion will reduce the viral shedding and 
spreading of HSV during dental procedures.

• The HSV DNA count will be comparable in participants with asymptomatic 
HSV shedding to participants with symptomatic HSV lesion.

33 participants* (aged ≥18 and ASA-I/II health) recruited from 
UBC Faculty of Dentistry

Baseline and oral 
mucous membrane 

swab collection

Visit 0

PCR DNA count = 0; 
no Hx of HSV

Exclude from study

Study Arm A
(Asymptomatic)

a) PCR DNA count ≥ 0
b) Known Hx of HSV
c) Unknown Hx of HSV

n=22

Monitor monthly 
(oral mucous 

membrane swab 
collection)

n=11

Dropped out

n=1

Study Arm S
(Symptomatic)

Lesion data, oral 
mucous membrane 

swab**, CA placement, 
VAS collection+

Visit 1

3-4 days post visit 1 
follow-up, oral mucous 

membrane swab**, 
VAS collection+

Visit 2

14 days post visit 2 
follow-up, oral mucous 

membrane swab**, 
VAS collection+

Visit 3

* The aim was to have 15 participants in each study arm (N=30), as the 
recommended sample size for a two armed pilot study is between 20-40. 9-11

** The study investigator is blinded to all swab results from study arm S until 
completion of clinical trial.
+ Visual analogue scales (VAS) are used to measure CA acceptance (0=acceptable, 
10=not tolerable) and post application pain (0=no pain, 10=worst possible pain). 

• Herpesviridae; Herpes Simplex Virus, 
HSV-1 and HSV-2, are DNA viruses 
that effect humans with a 60-95% of 
population seropositive with one or 
both viruses.1-3 

• Symptomatic forms (herpetic stomatitis
and labialis) are most common;
asymptomatic form occurs when the
virus sheds through saliva without a
lesion.1,3-6

• The CDC prevention best practice guideline is to delay elective dental
procedures during symptomatic infections, whilst managing with systemic
or topical antiviral medications. This, however, does not address the
termination of virus shedding in symptomatic lesions, nor the risks in
providing care to patients with asymptomatic reactivation.7 Additionally,
antiviral medications do not decrease patient's risk of spreading the virus
during dental procedures.1,4-5

• Cyanoacrylate adhesive (CA), a class I device:
fast-setting barrier, allowing atraumatic
placement both extra and intra-orally, has a 1-3
days self-shedding mechanism.8

• The objective is to use CA, PeriAcryl® (n-butyl
and 2-octyl cyanoacrylate) to determine the
efficacy in limiting the spreading of
symptomatic lesions during dental procedures.

Scan Me!

Arm A

Lesion
History

Baseline Result Follow-ups Lesion 
Development 

(Arm S)No HSV HSV No HSV HSV

Unknown 3 0 3 0 0

Yes

Labialis 12 0 11 1 5

IO 2 0 2 0 1

both 0 0 0 0 0

Total 17 0 16 1 6

Arm S

Lesion
History

Participant 
Count

Unknown 0

Yes

Labialis 2

IO 0

both 2

Total 4

• 7 participants in arm A developed herpetic lesions  Arm S.
• 4 participants joined the study with lesions  Arm S.
• 11 participants with herpetic lesions received CA applications.
• The 11 symptomatic participants reported the CA application was tolerable, 

with average VAS score of 1.9/10. 
• The CA stayed on the lesions for average 23.4 hours (range 2-48 h). 
• Viral DNA were detected in 36.4% (4/11) of lesions post CA application; 

54.5% (6/11) after soft tissue manipulation.

Ulcer Stage (pre-CA)

Case 2

CA Applied Crust Stage (2 days post-CA) Healing Stage
Case 1

Vesicles Stage (pre-CA) CA Applied Crust Stage (2 days post-CA) Complete Healing
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METHODS

Fig 1. Hyperspectral Cell Sociology 
(HCS) workflow2 involving automated 
mIHC staining with a seven immune 
marker panel will be completed on 
annotated formalin-fixed paraffin-
embedded tissue of oral potentially 
malignant tissue. A cocktail of three 
primary antibodies will be applied, then 
antigens and chromogens stripped 
using SDS-glycine before second round 
staining with four antibodies and a 
hematoxylin counterstain is completed. 
Slides will then be digitally imaged and 
staining quantified computationally 
using the HCS platform.

CONCLUSIONS
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OBJECTIVES

• Cells interact with their surrounding 
microenvironment, impacting disease 
pathogenesis and outcome.1

• Immunohistochemistry (IHC) can be used to 
visualize these interactions. However, visual 
scoring introduces human error to the analysis 
and limits the number of proteins able to be 
studied. 

• Multiplexed IHC (mIHC) allows for 
investigation of a greater number of markers 
but complicates results interpretation. 
Repeated cycles of staining may also 
compromise tissue integrity. 

• There is a need to develop an immunostaining 
method that overcomes these barriers.

RESULTS
• Multiple markers are 

detected on a single 
section using one cycle 
of staining/de-staining, 
minimizing tissue loss. 

• HCS generates the 
concentration maps of 
each stain separately 
(Fig 2). True positive 
cells for each stain are 
identified, allowing for 
investigation of marker 
positivity, co-positivity, 
spatial relationships, 
and layer-based 
analysis. 

REFERENCES
1. Hanahan D, Coussens LM. Accessories to the Crime: Functions of Cells Recruited to the Tumor 
Microenvironment. Vol. 21, Cancer Cell. Cell Press; 2012. p. 309–22. 
2. Enfield KSS, Martin SD, Marshall EA, Kung SHY, Gallagher P, Milne K, et al. Hyperspectral cell sociology 
reveals spatial tumor-immune cell interactions associated with lung cancer recurrence. J Immunother
Cancer. 2019 Jan 16;7(1). 

Fig 3. Spatial modeling 
allows for layer-based 
and cell neighborhood 
analysis.

Fig 2. Spectral unmixing 
and delineating of the 
diagnostic epithelial 
region of interest, 
basement membrane, and 
stromal compartment. 
Panels represent the 
concentration maps of 
three stains: hematoxylin, 
NF-kB, and CD8. 

An immunostaining method involving mIHC coupled with HCS will allow 
for robust representation of tissue at the cell-to-cell level and enables 
quantification and analysis of multiple markers as well as spatial 
relationships and patterns.
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OBJECTIVES

RESULTS

• Oral squamous cell carcinoma (OSCC) patients face 1-in-4 risk of
regional neck nodal metastasis (LN+), the most significant prognostic
factor

• Prophylactic neck dissection may save lives, but requires biomarkers
beyond conventional pathology

Quantitative tissue pathology is a machine-learning based application
that measures 93 nuclear features (QNP) of morphology, DNA amount,
and chromatin organization. These feature associate with diagnosis and
may be predictive for LN+.

The objective is to use QNP of tumour area to:
1) Develop a QNP-based biomarker, a nodal risk core (NRS), for the

prediction of LN+.
2) Evaluate the performance of prediction accuracy of NRS for LN

outcome

A. Tissue sections staining of surgical OC tumours. Hematoxylin & 
Eosin (HE) for histology; Feulgen-Thionin (FT) for DNA

B. Image acquisition and definition of region of interests (ROI) 
based on pathological diagnosis of SCC area

HE FT

C. ROI segmentation and object classification to isolate SCC cells.

 All segmented cells
Rejects / Junk

Good epithelial squamous cells
 Good non-squamous cells

ROI

D. QNP data was extracted from each SCC cells. The features 
describe nuclear morphology, photometric and chromatin texture.

Intensity Fractal dimensionNuclear shape Chromatin 
texture

4 3 4 4 2 4
0 5 3 2 3 2
0 2 2 2 3 4
0 2 4 1 2 1
0 2 5 2 3 2
0 2 5 1 1 1

4 3 4 4 2 4
5 5 5 2 3 2
0 2 2 5 3 4
0 2 4 5 2 1
0 2 5 5 5 2
0 2 5 1 1 1

E.Building nodal risk model
• Random Forest (RF), an ensemble tree machine learning algorithm to classify 

nucleus by using QNP.
• Used Well differentiated (G1) and moderately differentiated (G2) tumours

Training data Bootstrap random 
sampling

Forest and parameter tuning

Unseen 
Test data

Majority vote – final model

Nodal risk score (NRS)

SCC0
LN0

1
LN+

• Prediction accuracy was analyzed by receiver operative characteristics 
(ROC) analysis

• All analyses were performed using the software R (3.4.4) packages.

• 35 tumours (16 LN0 and 19LN+) were included in this study.

Table 1. Patient and clinical-pathological characteristics
N (%) Total (N=35) LN0 (n=16) LN+ (n=19) P
Age, yrs 0.74
Mean (SD) 60.3 (16.1) 61.4 (18.2) 59.5 (14.5)

Sex 0.37
Male 19 (54.3) 10 (62.5) 9 (47.4)
Female 16 (45.7) 6 (37.5) 10 (52.6)

Lesion Site Risk 0.12
R1R2 6 (17.1) 1 (6.2) 5 (26.3)
R3 29 (82.9) 15 (93.8) 14 (73.7)

Race 0.78
Non-White 8 (22.9) 4 (25.0) 4 (21.1)
White 27 (77.1) 12 (75.0) 15 (78.9)

Smoking 0.83
Never 16 (45.7) 7 (43.8) 9 (47.4)
Ever 19 (54.3) 9 (56.2) 10 (52.6)

cT 0.17
T1 22 (62.9) 12 (75.0) 10 (52.6)
T2 13 (37.1) 4 (25.0) 9 (47.4)

Grade 0.12
G1/G2 29 (82.9) 15 (93.8) 14 (73.7)
G3 6 (17.1) 1 (6.2) 5 (26.3)

DOI (mm) 0.01
Median (Q1, Q3) 6.0 (3.8, 9.5) 5.2 (1.9, 6.2) 7.0 (5.0, 14.5)

DOI (5mm) 0.28
<5 10 (28.6) 6 (37.5) 4 (21.1)
≥5 25 (71.4) 10 (62.5) 15 (78.9)

Abbreviations: Lesion anatomical site risk (R): R1, buccal mucosa and gingiva; R2, gingiva and 
soft palate; R3 includes tongue and floor of mouth. Clinical tumor size, cT, includes T1 (0-2cm) 
and T1 (2-4cm); Grade includes G1, well differentiated, G2, moderately differentiated, and G3, 
poorly differentiated; Tumor depth of invasion (DOI), in mm, is grouped into 5mm based on the 
introduction of DOI in AJCC8th edition

•The final NRS model, which was built from G1 and G2 tumours (384,041
cells), achieved average accuracy of 90.7% on the test set of cells (Figure 1).

The patient risk model was built based on the percentage of cells with
NRS ≥ 0.5 (ie “positive” cells).
• The patient model included 29 G1 and G2 tumour, which was split into

80% (n=23) training and 20% (n=6) test sets.
• The model has 97.7% AUC with cutoff at 61% had the best

performance with 100% sensitivity and 91.7% specificity (Figure 2,
Table 2).

• Using the cutoff of 61% of positive cells (ie high risk), the prediction
was 100% for the test set (Table 2).

• The poorly differentiated tumor was best predicted at 25% cutoff of
positive cells with 83% accuracy. This performance is the same as
considering tumour differentiation (G3 or not G3) alone.

Abbreviations: PPV, positive predictive 
value; NPV, negative predictive value; LN0, 
node-negative; LN+, node positive; Low risk, 
with <61% of positive cells; High risk, ≥61% of 
positive cells

Figure 2. ROC curve of percentage of 
positive cells among training patients

LN0 LN+ LN0 LN+
Low risk 11 0 3 0

High risk 1 11 0 3
Sensitivity
Specificity

PPV
NPV

Training patient 
(n=23)

Test Patient 
(n=6)

100
91.7
91.7
100

100
100
100
100

• The QNP-based nodal risk model, NRS, achieved  powerful diagnostic 
performance in predicting LN+ in OSCC patients. This can be used as 
an objective test for the decision of prophylactic neck dissection for G1 
and G2 tumours.

Table 2. Performance of patient prediction 
model on G1 and G2 tumours

(20% of G1/G2 cells)

(80% of G1/G2 cells)



Culturally Adapted Caregiver-Centred Preventive Dental Education for Arab Immigrants
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METHODS
 The education guided by the principles of Adult Learning Theory and Self-

Determination Theory (SDT) to facilitate intrinsic motivation (Figure 1).
Preparation phase
 Lay Health Advisor recruited eligible caregivers.
 Lay Health Advisors were trained by a dentist trained to deliver education.

Implementation phase
1. Interactive education: a short presentation supplemented with workbook

activity, brushing practice, and setting personalized goals (Figure3).
2. Passive education pending.

Evaluation Phase
 Follow-up calls were conducted two weeks after the education
 Post-education questionnaire evaluation session after four weeks.

Data Analyses
 To compare behaviour changes pre/post-education (McNemar test).
 Mean total knowledge scores pre/post-education (a paired sample t-test).

CONCLUSIONS
 A significant improvement of knowledge after interactive education.
 The findings will help to develop a protocol for a larger study.

ACKNOWLEDGEMENTS
Mount Pleasant Neighbourhood House staff for their assistance.

 Immigrant caregivers have different knowledge and cultural backgrounds
which could be detrimental to the oral health of their children 1.
 Children from some ethnic groups and from recent immigrant families are

commonly found at a higher caries risk than native-born children 2,3
.

 RATIONALE: feasibility and effectiveness of preventive dental education that is
culturally adapted and theory guided targeting Arab immigrants through the
Lay health advisor (LHA) model has not been tested yet 3-9.

RESULTS
 The recruitment rate was 91.6%, and 19 mothers attended an interactive

education session (74.7% Syrian).
 Education was feasible, caregivers motivated & achieved their goals (84.2%).
 A significant improvement in knowledge post-education (p<0.001).
 Caregivers’ diet changed only slightly (p=0.290).
 Although sugary cultural snack options were consumed regularly, the

knowledge about their consumption frequency and parental pattern of
permissiveness for children snacking improved post-education (p<0.001).

INTRODUCTION

Objectives:
1. To assess immigrants’ knowledge and behaviours re: children’s oral health.
2. To design culturally adapted caregiver-centred preventive dental education

for Arabic speaking immigrants.
3. To evaluate the short-term effectiveness of education utilizing the Lay

Health Advisor (LHA) model employing existing community settings.

Table 1. Caregivers knowledge about diet before and after the preventive dental 
education

Determinants Pre-Education Post-Education Significance
N (% of total) N (% of total)

What would be better for your child’s teeth when you give sugar-containing items 
(example: a small bag of chocolates)

Eat all at once 3 (15.8) 15 (78.9) All at once vs. other 
P =0.000

Eat in small pieces         
throughout the day 14(73.7) 4 (21.1)

Don’t know 2 (10.5) 0 (0.0)
I am not sure what snacks other people feed my child
No 16 (84.2) 16 (84.2)

No/sometimes vs. yes
P= 1.000Sometimes 2 (10.5) 2 (10.5)

Yes 1 (5.3) 1 (5.3)
I give my child a snack to show him/her I love him/her
No 5 (26.3) 7 (36.8) No/sometimes vs. yes

P=0.000 Sometimes 4 (21.1) 10 (52.6)
Yes 10 (52.6) 2 (10.5)

Figure 3. Caregivers personalized goals card to modify children’s oral health behaviors. 

Adult Learning 
Theory 

-Interactive 
education 
-Arabic Lay 

Health advisor 

Self-determination 
Theory

1.Autonomy (goals)
2.Competence    

(education) 
3.Relatedness 

(group activity) 

Intrinsic 
Motivation

Figure 1. Caregivers pre/post education knowledge comparison.
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Figure 2. Caregivers pre/post education knowledge comparison.
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Exploring Mental Health and Resilience in Dental Education
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METHODS
The first objective of the study was achieved by mapping UBC 
Faculty of Dentistry’s curricular and non-curricular content and 
services on mental health and wellbeing. The mapping took place 
by gathering information available on the faculty’s website, within 
the curriculum database. 
The Connor-Davidson 10-Item Resilience Scale (CD-RISC) was 
used to assess resilience in the second objective. (4) The scale 
along with a group of demographic questions were distributed to 
all UBC undergraduate dental students enrolled in 2019/20 
academic year. In addition, we administered the survey with the 
sixty-two first-year dental students who started their program in 
the academic year 2020-2021. Demographic information about 
school year, gender, ethnic origins, and spoken languages was 
obtained for analyses. Ethnic origins and spoken languages (as 
reported by the students) were used to identify their ethnicity and 
group them into three groups: Asian, North American/ European, 
and Other. The latter included students who reported Middle 
Eastern, African, Latin, First Nations, and mixed ethnicities. 
We explored data pertaining to curricular mental health and 

wellbeing content according to the respective academic year. We 
used this data to compare students’ reported levels of resilience. 

A one-way ANOVA test with post-hoc adjustment using 
Bonferroni’s test were used to compare the difference in 
resilience scores between students who have received different 
curricular content. The same tests were used to identify 
differences in the means of resilience scores between students 
from different ethnic origins.  A multiple linear regression analysis 
and post-hoc tests were conducted to determine the change, if 
any, of curricular and non-curricular variables in predicting the 
resilience scores. 

CONCLUSIONS
Addressing wellbeing and mental health issues is important for dental 
students.  The higher resilience levels of 2020/21 freshmen students may 
indicate that this cohort started dental school in a global pandemic, and 
consequently developed adaptation and coping strategies during the 
pandemic. As ethnic origin has been determined to be a significant factor in 
influencing students’ resilience, it is important to better tailor the 
educational experience of dental students in a manner that supports their 
resilience and wellbeing, and takes in consideration the issues of equity, 
diversity, and inclusion. Moreover, the mental health and wellbeing 
curricular content taking place did not seem to contribute to students’ 
resilience levels, which may raise concerns around the effectiveness of 
such one-time sessions. (5)  Further longitudinal studies are needed to 
evaluate their resilience after resuming normal learning activities.

ACKNOWLEDGEMENTS
The authors wish to thank the undergraduate dental students at the 
University of British Columbia for their cooperation in completing the 
resilience survey. We would also like to acknowledge the financial 
support of The Faculty of Dentistry to encourage student participation. 

OBJECTIVES
Dental and medical education are perceived as sources of psychological 
and occupational stress for students. (1) In particular, dental education is 
often posited as generating significant pressure on students to maintain 
theoretical knowledge, master clinical skills, and manage patient care. 
(2,3) Stress related to financial debt, and to the need to balance personal 
and professional responsibilities further add to the overall burden with 
potential negative mental health impact. (2,3)  While a certain amount of 
stress is inevitable, equipping students to cope and manage the stress is 
essential.  Psychological resilience is considered a protective factor that 
has been recently introduced into dental education.  The objectives of this 
study are two-fold: to map the mental health and wellbeing content in the 
dental curriculum of the Faculty of Dentistry at the University of British 
Columbia (UBC); and to investigate factors influencing resilience levels 
among five cohorts of dental students at UBC.

RESULTS
Two main mental health and wellbeing curricular components were identified: 
one didactic session on stress management and one interactive workshop on 
resilience, both sessions took place in year 1, with a total of 4.5 hours. 
For the resilience scale, 197 (68.2%) students
responded to the scale and provided their demographic information. Table 1 
shows the break down results from the resilience scale according to the 
variables of interest. 

Further analyses of the 
resilience scores were
conducted by grouping
responses into three groups:
one that received both
curricular components
(the interactive resilience
workshop and the didactic
session), one that only
received the didactic
session, and one that
did not receive any mental health content. The boxplot (Figure 1) shows the 
distribution of the Connor-Davidson scores within the three dichotomized 
curricular groups. 
The one-way ANOVA test and Post-hoc adjustments revealed the following 
statistically significant findings: 
1) Students who received no mental health content reported an average of 

3.0 resilience scores higher than students who did experience the didactic 
session and the interactive resilience workshop (p value= 0.043; CI= -
6.09-0.07).  

2) Significant differences in the mean resilience scores of the 5 student 
cohorts (p-value= 0.031) were observed in the overall one-way ANOVA.

The multiple linear regression model which included curricular and non-
curricular variables was statistically significant (p-value= 0.044) and 
explained 4% of the variance in resilience scores. The model highlights North 
American/ European ethnic origins as a predictor for higher resilience levels 
(p = 0.008, CI= 0.5- 4.7) 
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Table 1: Resilience scores of students according to curricular and non-
curricular variables 

Figure 1: Boxplot diagram of resilience scores distribution according to 
exposure to mental health curricular content 
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RESULTS
• 32 students completed the survey for a 60% response rate.
• 94% of respondents were clear about academic expectations. 
• 59% were confident in navigating a web-based environment.
• 78% of respondents felt a part of their dental hygiene online community.
• 84% found the UBC Canvas online discussion forum helpful. 
• Those with prior online learning experience were more aware of student support 

resources outside of the Faculty of Dentistry (FOD) than those with no prior 
online learning experience (57% vs. 36%; p=0.05).

• Those who earned their DH diploma in a university compared to other institutions 
were more familiar with student support resources within the FOD (100% vs. 
68%; P = 0.05) and knew who to contact regarding their academic success 
(100% vs. 88%; p=0.01).

• First-years reported a stronger sense of belonging to UBC than returning 
students (61% vs. 11%; p=0.04).

• No statistically significant differences were observed between DC students in 
different academic pathways and practice experience in any of the responses 
(p= 0.11-0.86 and p=0.09-0.97, respectively). 

CONCLUSIONS
• The findings have resulted in an enhanced understanding of the challenges and 

student support resources that may be needed to improve students’ transition 
into the DC program. 

• Recommendations for practice have been made to aim to enhance the student 
transition experience to online learning in the FOD, the university, and in other 
higher education institutions:

 Develop an electronic student handbook identifying available resources
 Develop online workshops on student success and well-being
 Establish online office hours for student services staff and faculty 
 Schedule online orientation sessions including UBC Canvas orientation 
videos prior to the commencement of the academic year

ACKNOWLEDGEMENTS

OBJECTIVES
The University of British Columbia’s (UBC) Dental Hygiene Degree-Completion 
(DC) program has offered a pathway for dental hygienists to earn a degree through 
an online format since 2006. The students’ experiences transitioning to online 
learning and related student support needs have not been previously studied. Thus, 
this study investigated students’ experiences as they entered an online dental 
hygiene DC program.

METHODS
• This study received approval from the UBC Behavioural Research Ethics Board.
• A three-part survey composing of closed-ended and open-ended questions 

inquiring about demographic information, students’ sense of belonging, and 
perceived accessibility and availability of academic support systems was 
developed using UBC Qualtrics and distributed to all DC students in         
September 2019.

• Descriptive responses from the open-ended questions were analyzed for 
repeated themes.

• The Chi-squared test was used for analysis of variables between the closed 
ended questions. The P-value of ≤ 0.05 noted significant differences.

Student ratings on Question #2.“I feel like a valued student 
member of the Faculty of Dentistry community.” and Question #3.“ 
I feel a part of the UBC community.”

Student ratings on Question #5: “I am familiar with the 
student support resources within the Faculty of 
Dentistry.” and Question #6: Student ratings on Question 
#6 “I am aware of additional student support resources 
outside of the Faculty of Dentistry (across UBC): 
https://students.ubc.ca/health”

The authors thank Ms. Siobhan Ryan, UBC Faculty of Dentistry’s Assistant 
Manager of Student Services, for her assistance with participant recruitment.

1. The orientation/introduction to the Faculty of Dentistry was a positive experience.

2. I feel like a valued student member of the Faculty of Dentistry community.

3. I feel a part of the UBC community.

4. I am familiar with the Faculty’s Academic Policies and Procedures.

5. I am familiar with the student support resources within the Faculty of Dentistry.

6. I am aware of the additional student support resources outside of the Faculty of Dentistry 

(across UBC): https://students.ubc.ca/health

7. I know who to contact if I have questions related to my academic success.

8. I feel comfortable reaching out to faculty and staff members when I have questions.

9. I am clear about expectations placed upon me as an adult learner at UBC.

10.I am confident in my abilities to navigate a web-based learning environment.

11.I feel a part of my dental hygiene online community.

12.I found the UBC Canvas online discussion forum helpful.

1. Describe your experiences entering the Dental Hygiene Degree-Completion program related 

to orientation and transitioning into an online program?

2. What were the factors that helped facilitate your transition into the Dental Hygiene Degree-

Completion program?

3. What were challenges or barriers that you experienced transitioning into the Dental Hygiene 

Degree-Completion Program?

4. What suggestions do you have to support students entering the Dental Hygiene- Degree 

Completion Program?

5-point Likert scale questions included in the survey:

Open-ended survey questions:

Demographics Number of Participants (%)
Degree-Completion Academic Pathway
Category 1
Category 2
I Don’t Know

17 (53%)
13 (41%)
2 (6%)

First-Year or Returning Student 
First Year
Returning

23 (72%)
9 (28%)

Age
<30
≥30

22 (69%)
10 (31%)

Type of Educational Institution where Dental 
Hygiene Diploma was Earned 
University
College/Community College
Private Institution 

5 (16%)
25 (78%)
2 (6%)

Prior Education 
High School Diploma
Some Post-Secondary Coursework in College 
Some Post- Secondary Coursework in a University 
Diploma in Another Field
Bachelor’s Degree in Another Field 
Other 

8 (25%)
10 (31%)
9 (28%)
3 (9%)
1 (3%)
1 (3%)

Years Practised as a Dental Hygienist 
≤5 years
6-15 years 
>15 years

24 (75%)
7 (22%)
1 (3%)

Experience with Online/Distance Education 
Prior to Entering UBC’s DHDP
Yes
No

7 (22%)
25 (78%)

Participant Profile (n=32):

• 75% felt like a valued member of the FOD community but only 47% felt they belonged to the 
UBC community.

• 72% were familiar with support resources within the Faculty but only 41% were aware of 
resources outside of the Faculty.

https://students.ubc.ca/health
https://students.ubc.ca/health


The Efficacy of Three-Dimensional Tooth Movement with Invisalign Treatment
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Department of  Oral Health Sciences, Faculty of Dentistry, The University of British Columbia, Vancouver, Canada

METHODS

Twenty-five Invisalign cases were analyzed. 

Initial and achieved maxillary casts were superimposed on 
CloudCompare software using the central palate as a reference.  This 
was repeated for the initial and Invisalign predicted casts.  The posterior 
teeth (first premolars, second premolars, and first molars) were then 
segmented from the four sets of arches using Meshmixer.  Using 
CloudCompare, the initial segmented teeth were assigned a coordinate 
system. The difference of individual tooth position was then calculated 
between the initial and achieved, and initial and predicted arches.  
Tipping, torque, and rotation differences were analyzed, as well as 
movement in the mesial-distal, bucco-lingual, and vertical directions. The 
difference between what Invisalign predicted and what was achieved was 
assessed.

CONCLUSIONS

Specific three-dimensional tooth movement types were better predicted 
by Invisalign than others. As the overall mean accuracy of the Invisalign 
movement was 49%, there remains error between what Invisalign 
treatment achieved and what was initially predicted, which can be useful 
when explaining expected treatment outcomes to patients. As specific 
movement such as in the bucco-lingual direction were more accurate 
than others, it suggests that Invisalign is more effective in achieving 
particular movements. This can be useful when determining the need for 
any auxiliary forces to obtain a desired movement. The discrepancies 
found in the tooth movement should be considered when treatment 
planning and suggests a need for further study in assessing prediction 
accuracy. Further investigation should be done to focus on specific case 
types and assess how the extent of a specific movement affects the 
efficacy.
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OBJECTIVES

• We hypothesized that there was no difference between the Invisalign 
predicted and achieved treatment outcome.  

• The aim of this study was to superimpose both outcomes on the 
palate/rugae to compare the three-dimensional (AP, vertical, 
transverse) tooth movement in the posterior region of the predicted 
Invisalign and actual achieved outcome. 

• Differences in angular (rotation, torque, tipping) and linear (bucco-
lingual, mesio-distal, vertical) movements of maxillary first premolars, 
second premolars, and first molars were assessed

RESULTS

The mean accuracy of Invisalign movement for maxillary first premolars, 
second premolars, and first molars was 49% amongst the different types 
of movement.  
Bucco-lingual movement had the greatest mean accuracy of the six 
movement types with 60%, while specifically second premolar bucco-
lingual movement was the most accurate of all predicted measurements 
(68%). The least accurate tooth movement was torque, with a mean 
accuracy of 36% amongst the three tooth types. The predicted torque 
movement for the first molars specifically had the lowest accuracy of all 
movements (21%).

INTRODUCTION

Invisalign treatment has been widely used to address patient’s esthetic 
demands since it was introduced in 1997. Millions of patients around the 
world have been been treated with Invisalign, yet little research using 
superimposition has been done to assess its efficacy. Few studies have 
looked to determine the difference between the three-dimensional tooth 
movement that Invisalign predicts and the actual movement that is 
achieved. By using a solid superimposition method and segmenting 
individual teeth, the anterior-posterior, vertical, and transverse 
movements can be determined. This can lead to a better understanding 
of the accuracy of predicted Invisalign treatment, which can be used in 
clinical practice when treatment planning cases. 

Figure 1. Initial and achieved maxillary casts (left) were superimposed using CloudCompare. The 
initial and predicted Invisalign casts (right) were also superimposed.  

Figure 2. Individual posterior teeth were segmented and the three-dimensional difference was 
determined between superimposed initial and achieved casts and initial and Invisalign-predicted 
casts.

Figure 3. Percent accuracy of tooth movements for maxillary 1st premolars and 2nd premolars

There was an overall greater accuracy in the prediction of the linear 
changes (bucco-lingual, mesial-distal, vertical) compared to angular 
changes (rotation, torque, tipping). Linear changes had a mean accuracy 
of 52.2% for the three tooth types, while the accuracy of the predicted 
angular changes was 44.8%. 
The overall difference in movement between the three different tooth 
types was minimal, as the accuracy of predicted movement for the first 
premolars was 47.1%, 49.6% for the second premolars, and 48.7% for 
the first molars. 

Rotation 
(Phi)

Torque 
(Theta)

Tipping 
(Psi)

Bucco-
Lingual (X)

Mesial-
Distal (Y)

Vertical 
(Z)

53.2% 36.0% 45.2% 60.1% 42.4% 54.0%

Figure 3. Percent accuracy of tooth 
movements for maxillary 1st molars

Table 1. Mean accuracies of different tooth movements for maxillary 1st premolars, 2nd premolars, 
and 1st molars.



Obstructive Sleep Apnea, Body Mass Index, and Cellular Adhesion Molecules
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• Obstructive sleep apnea (OSA) is characterized by
sleep fragmentation and chronic intermittent
hypoxia.

• Obesity and OSA commonly exist: Obesity is an
independent risk factor for OSA , and 60 – 90% of
patients with OSA are obese.

• Adipose tissue is metabolically active and produces
inflammatory cytokines. Oxygen desaturation and
sympathetic activation from OSA contribute
significantly to chronic inflammation and oxidative
stress. Thus, obesity and OSA share common
pathways and clinical characteristics.

• Adhesion molecules are elevated in obesity and OSA.
More importantly, these molecules play a key role in
atherosclerosis and cardiovascular disease.

• We hypothesized that the pro-inflammatory state of
obesity and OSA could be mutually enhanced.

• The aim of this study was To investigate the
relationship between obstructive sleep apnea (OSA)
severity, body mass index (BMI) and circulating levels
of inflammatory adhesion molecules (intercellular
adhesion molecule-1, vascular cell adhesion
molecule-1, and E-selectin).

488 consecutive adults referred to the University of
British Columbia (UBC) Sleep Laboratory for a
polysomnogram (PSG) for suspected OSA provided a
morning blood sample. Fasting blood (15 ml) was
collected in the morning after PSG, and serum/plasma
was stored in a -80C freezer. Milliplex MAP Human
Cardiovascular Disease Panel 1 (HCVD1-67 AK) multiplex
Luminex (EMD Millipore, Etobicoke, ON, Canada) was
used to determine the levels of ICAM-1, VCAM-1 and E-
selectin. All assays followed the manufacturer’s protocol
and were tested in duplicates. The samples were
processed in batches.
Multivariable linear regression modelling was used to
control for potential confounders (age, sex, smoking
status and previous heart disease) to assess the
independent effect of OSA and BMI on adhesion
molecules levels. A multiplicative interaction was tested
on the regression models to assess potential statistical
interaction term between BMI and OSA. Analysis was
performed using Statistical Analysis Software (SAS, SAS
Institute Inc, USA).

Table 1 – Patient Characteristics (n=488)

Table 2 - Effect of Age, Sex, BMI, AHI, Statin usage, Diabetes, Ethnicity, Previous Heart Disease and Smoking 
status on E-selectin, ICAM-1 and VCAM-1 Estimated by using Multivariable Linear Regression Models.

AHI and BMI remained a significant predictor
of E-selectin levels (p<0.05) after adjusting for
confounding factors.

A multiplicative interaction between AHI and
BMI was not found (p=.4350)

Although all three adhesion molecules were associated
with BMI, only E-selectin was independently associated
with OSA severity. E-selectin may represent a useful
biomarker in OSA patients in terms of cardiovascular
disease prediction. Futures studies are needed to
determine the clinical significance of the relationship
between E-selectin and OSA.

1. The Interaction of Obesity and Nocturnal Hypoxemia on Cardiovascular
Consequences in Adults with Suspected Obstructive Sleep Apnea. A Historical
Observational Study. Kendzerska T, Leung RS, Gershon AS, Tomlinson G, Ayas
N. Ann Am Thorac Soc. 2016. Dec; 13 (12): 2234-2241

2. Chronic intermittent hypoxia causes endothelial dysfunction in mouse model
of diet-induced obesity. Badran M, Golbidi S, Devlin A, Ayas N, Laher I. Sleep
Medicine 15 (2014) 596-602

3. Effects of obesity on the association between long-term sleep apnea
treatment and changes in interleukin-6 levels: the Icelandic Sleep Apnea
Cohort. Arnardottir ES, Lim DC, Keenan BT, Maislin G, Benediktsdottir B,
Juliusson S, Pack AI, Gislason T. J Sleep Res 2015, 24: 148-159.

BMI is associated with increased inflammatory adhesion molecules. Obstructive sleep apnea (AHI) was not a
significant predictor for ICAM and VCAM . Additional analysis using Percent below 90% also did not yield
significance. Stratified analysis of E-selectin levels by sex and ethnicity did not result in further significant
associations.

Figure 1– Distribution of Mean E-Selectin levels 
(ng/ml)

As we move up in BMI categories, E-selectin levels also
are elevated. Patients with AHI >15 and BMI >30 seem to
have higher levels of E-selectin than those with only one
of the conditions. The highest mean of E-selectin levels is
found at severe OSA and High-risk Obesity (class 3).

CIHR (Sleep Disordered Breathing Team Grant); CSCN
(Canadian Sleep and Circadian Network). VCHRI
Scientist Award; BC Lung Association Operating Grant.
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Distribution of E-selectin Levels

BMI < 25

BMI 25 - 30

BMI 30 -35

BMI 35 - 40

BMI > 40

Entire Cohort
(n=488)

Normal Weight
(n=59)

Overweight
(n=157)

Obesity Class 1
(n=143)

Obesity Class 2
(n=68)

Obesity Class 3
(n=61)

Age (years), mean ± SD 50 ± 12 48 ± 13 51 ± 12 52 ± 11 50 ± 12 50 ± 12
Males, n (%) 331 (68%) 38 (67%) 122 (78%) 100 (70%) 45 (66%) 26 (43%)

BMI (Kg/m2), mean ± SD 32 ± 7 23 ± 1 27 ± 1 32 ± 1 37 ± 1 45 ± 6
AHI (events/hr), mean ± SD 22.7 ± 21.7 14.3 ± 13.9 18.9 ± 16.4 25.8 ± 22.2 27.5 ± 24.8 27.5 ± 30.2

% time below 90% SaO2 , mean ± SD 5  ± 14 1.8 ± 4 2 ± 8 4 ± 10 9 ± 18 15 ± 26
ESS, mean ± SD 13 ± 6 14 ± 6 12 ± 6 13  ± 6 15 ± 6 14 ± 6

Heart Disease, n (%) * 98 (20%) 9 (15%) 28 (18%) 31 (22%) 17 (25%) 13 (22%)
Ethnicity (white) n (%) 377 (77%) 37 (63%) 124 (78%) 111 (77%) 55 (81%) 50 (82%)

Diabetes n (%) 38 (8%) 4 (7%) 7 (4%) 10 (7%) 9 (13%) 8 (13%)
Smokers, n (%) 44 (9%) 2 (4%) 10 (6%) 15 (10%) 9 (13%) 8 (13%)

Statins users, n (%) 96 (20%) 11 (19%) 19 (12%) 33 (23%) 15 (22%) 18 (30%)
Adhesion Molecules

ICAM-1 (ng/ml), mean ± SD 73 ± 35 65 ± 31 69 ± 41 73 ± 27 84 ± 34 81 ± 37
VCAM-1 (ng/ml), mean ± SD 925 ± 219 912 ± 237 909 ± 214 895 ± 190 936 ± 219 1038 ± 246

E-Selectin (ng/ml), mean ± SD 47 ± 20 36 ± 18 43 ± 19 51 ± 18 50 ± 16 58 ± 26
Abbreviations: AHI: Apnea-Hypopnea Index; BMI: Body mass index; ESS: Epworth Sleep Scale; ICAM-1: Intercellular adhesion molecule-1; n: number of 
subjects; SaO2: Oxygen Saturation; SD: Standard deviation; VCAM-1: Vascular Cell Adhesion Molecule-1; *Heart disease included: Hypertension, 
Myocardial Infarction; Cardiac Arrhythmias, Angina, and Congestive Heart Failure. Definitions: Normal weight: BMI 18.5-24.9; Overweight: BMI 25-29.9; 
Obesity Class 1: BMI 30-34.9; Obesity Class II: BMI 35-39.9; Obesity Class III: BMI ≥ 40; 

E-selectin ICAM-1 VCAM-1
Adjusted Estimated Difference in E-

selectin (ng/ml), 95% CI, p-value
Adjusted Estimated Difference in 
ICAM-1 (ng/ml), 95% CI, p-value 

Adjusted Estimated Difference in 
VCAM-1 (ng/ml), 95% CI, p-value

Multivariable Linear Regression (model included all variables listed on the table+)

Estimate CI (95%) p-value Estimate CI (95%) p-value Estimate CI (95%) p-value

Age 
(per 1-year increase)

-0.11 -0.27 0.04 0.14 -0.05 -0.33 0.23 0.73 2.85 1.06 4.64 0.001

Sex 
(males vs females)

7.82 4.0 11.65 <.0001 9.16 2.28 16.04 0.009 63.12 20.09 106.1 0.004

BMI 
(per one-unit increase)

0.85 0.59 1.11 <.0001 0.81 0.34 1.28 0.0007 5.46 2.53 8.40 0.0003

AHI 
(per one-unit increase)

0.09 0.01 0.17 0.02 0.01 -0.13 0.16 0.82 -0.36 -1.29 0.56 0.44

Statin Usage 
(users vs.  not user)

-0.16 -4.89 4.56 0.94 0.55 -9.05 7.94 0.89 -13.67 -66.85 39.5 0.61

Diabetes 
(with vs. without)

4.27 -2.26 10.81 0.19 10.4 -1.35 22.15 0.08 92.70 19.15 166.2 0.01

Ethnicity 
(White vs. not white)

-3.6 -7.7 0.51 0.08 -5.32 -12.6 2.04 0.15 -13.08 -59.2 33.04 0.57

Previous Heart Disease* 
(with vs. without)

-0.08 -4.53 4.35 0.96 3.38 -4.6 11.37 0.40 21.28 -28.70 71.27 0.40

Smoking Status
(current vs not current)

4.76 -1.26 10.78 0.12 21.42 10.58 32.26 0.0001 42.94 -24.84 110.7 0.21

Adjusted R-squared Adjusted R-squared Adjusted R-squared
0.13 0.06 0.06

Abbreviations: AHI: Apnea-Hypopnea Index; BMI: Body mass index; CI: Wald Confidence Interval; ICAM-1: Intercellular adhesion molecule-1; VCAM-1: 
Vascular Cell Adhesion Molecule-1; *Heart disease included: Hypertension, Myocardial Infarction; Cardiac Arrhythmias, Angina, and Congestive Heart 
Failure; +Model: confounder evaluated were age, sex, BMI, AHI, Statin Usage, Diabetes, Ethnicity, Previous Heart Disease and Smoking status.
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Use of Macromolecular Crowding to Model Human Gingival Fibroblast Matrix 
Ramalingam R*, Jiang G, Koivisto L, Larjava H, Häkkinen L

Department of Oral Biological & Medical Sciences, Faculty of Dentistry, The University of British Columbia, Vancouver, Canada

Conclusions
• MMC modulates GFBL proliferation, organization and ECM deposition over time. 
• MMC specifically promotes accumulation of Collagen I and IV in the ECM. 
• MMC reduces significantly expression of several ECM protein genes while increasing MMP1 expression in GFBLs over time.
• The novel decellularization method effectively removes cellular DNA and cytoskeletal proteins but reduces abundance of distinct ECM proteins in the cultures.
• Further studies utilizing large scale proteomics and other approaches are needed to more in detail analyze the composition of the 3D ECMs generated by this method.
• This method has the potential to produce novel in vivo-like 3D fibroblast cultures that could be used to study regulation of fibroblast phenotype and function by the ECM niche in contexts relevant to 

human development, wound healing, and diseases. 
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Objectives
Fibroblast-derived extracellular matrix (ECM) regulates cell phenotype and behavior 
relevant for wound healing and pathological conditions. Better understanding of cell-
ECM interactions requires culture models that mimic ECM found in vivo. Tissues in vivo 
form a crowded environment of tightly packed macromolecules (crowded) affecting the 
interactions and reactivity of the molecules. In contrast, cultured cells exist and secrete 
proteins in aqueous media resulting in a low concentration of macromolecules with far 
reduced crowding (Figure 1A). To overcome this deficiency, inert macromolecular 
crowders (MMCs) have been introduced to mimic in vivo-like conditions in vitro (Figure 
1B). 

Results

Primary human gingival fibroblasts (GFBLs) were seeded at high density and cultured up 
to 15 days in two conditions: nMMC and MMC. To generate MMC conditions, fibroblast 
culture medium (DMEM) containing 50 µg/ml ascorbic acid (AA) and 10% FBS was 
supplemented with a mixture of inert, highly branched polysaccharides of 70 kDa (Ficoll 
70) and 400 kDa (Ficoll 400) as described previously (Rashid et al., Tissue Eng Part C 
Methods. 2014;20(12):994–1002). Medium without MMCs (nMMC) served as the control 
medium. 

After 1-, 4-, 8-, 11-, and 15-days post seeding a set of cultures were collected for various 
analyses (Table 1). To study the ECM deposited by the cells, sets of parallel cultures were 
subjected to decellularization via a novel three-step incubation consisting of Latrunculin 
B, Tris/Sodium Deoxycholate and Tris/Dnase, respectively (Figure 2). Protein abundance, 
composition, and organization of decellularized cultures (ECMs) were analyzed as 
described in Table 1. In a set experiments, cells were reseeded on decellularized ECMs 
and assessed for cell morphology.  Results show mean +/- SEM from minimum of three 
times repeated experiments, and statistical comparisons were performed with one-way 
Anova with Tukey’s Post-Test. 

Cell Morphology Brightfield, Immunofluorescence Microscopy

Cell Proliferation Image Analysis, Total RNA Quantification 

Protein Abundance Bradford Assay

Transcriptome RT-qPCR (genes analyzed listed in Table 2)

Protein Localization and Organization Immunostaining and Immunofluorescence Microscopy

The objective of this study was to compare fibroblast function and ECM deposition in the 
presence or absence of MMCs. We hypothesize that fibroblast cultures with MMC will 
have an altered gene expression, cell proliferation, and ECM deposition & organization 
compared to non-crowded culture conditions. Our long-term goal is to generate 3-
dimensional (3D) decellularized human fibroblast-derived ECMs that better mimic natural 
ECM to study how cell type-specific ECM niche modulates cell functions involved in 
wound healing and fibrosis.

Figure 1. Non-crowded normal cell culture 
condition (nMMC) (A) vs. macromolecular crowded 
condition (MMC) (B). 

A B

Table 1. 

Figure 2. Experimental workflow to produce 3D fibroblasts cultures with or without 
MMC followed by decellularization to generate cell-free ECMs. 

Methods Figure 3: MMC modulates GFBL proliferation and protein accumulation. 
A and B. Compared to nMMC, GFBLs showed reduced proliferation under MMC conditions based on 
quantification of cell numbers using nuclear DAPI staining and image analysis (A), and by measuring total 
RNA levels (B). C-F. Compared to nMMC, GFBL cultures showed reduced total (C) and ECM (E) protein yields 
under MMC conditions. However, total (D) and ECM protein (F)  abundance per cell was not significantly 
changed.

B. Immunostaining of the 15-day cultures before (WC) or after decellularization (WOC) for a set of ECM proteins show MMC-induced changes in protein 
abundance and organization. MMC cultures immunostained before decellularization (WC) show distinct organization of Collagen I and IV, EDA Fibronectin, and 
LTBP 1. Unlike nMMC, MMC also promotes accumulation and organization of extracellular Collagen I and IV that is resistant to decellularization. In contrast, LTBP 1, 
EDA Fibronectin abundance is strongly reduced in both MMC and nMMC cultures due to decellularization (WOC). SPARC and Laminin 1 show mostly intracellular 
staining before decellularization (WC), which is strongly reduced after decellularization (WOC).

C.B. A. 

B. 

A. 

Figure 6: Both MMC- and nMMC-derived decellularized ECMs support 
adhesion and spreading of reseeded GFBLs. A and B. Phase contrast (A)
and immunostaning (tubulin + nuclear DAPI) images (B) show 15-day 
decellularized ECMs derived from nMMC and MMC cultures reseeded with 
GFBLs at a density of 7,500 cells/cm2 in the presence of DMEM containing 
50 µg/ml ascorbic acid (AA). Reseeded cells appear to attach within the 
first two hours and spread assuming their typical spindle-shaped 
morphology within 24 hours. 

D. E. F.

A. 

Fibrillar ECM proteins Collagen I (COLL I), Collagen III (COLL III), EDA-Fibronectin (EDA-FN), Elastin (ELN), Fibrillin-1 (FBN-1)

Glycosaminoglycan Hyaluronan synthase 2 and 3 (HAS 2,3)

Proteoglycans Fibromodulin (FMOD), Lumican (LUM), Biglycan (BGN), Decorin (DCN)

Matricellular Proteins Thrombospondin 1 and 2 (THBS 1,2), Tenascin-C (TN-C), SPARC (Osteonectin), and Periostin (POSTN)

Myofibroblast Marker α-Smooth muscle actin (α-SMA)

Matrix metalloproteinases Matrix metalloproteinase 1 and 10 (MMP 1, 10)

Growth Factors Vascular endothelial growth factor (VEGF), Stromal cell-derived factor 1 (CXCL12/SDF-1), Latent TGF-
beta binding proteins (LTBP 1, 2, 3, and 4), and Transforming growth factor beta 1, 2, and 3 (TGF-β1, 

TGF-β2, TGF-β3)

Cell Surface Molecules Integrin αv (ITGαv), Integrin β1 (ITGB1), and Connexin 43 (Cx43) 

Table 2. 

Figure 5: MMC alters GFBL morphology and abundance 
and organization of a set of ECM proteins. Images show 
15-day cultures before (WC) and after (WOC) 
decellularization. A. Phase contrast images, nuclear DAPI 
staining, and actin and tubulin immunostaining 
demonstrate that cells in MMC cultures show wider and 
less tightly-packed cell morphology with larger 
intercellular spaces compared to nMMC cultures. In 
addition, decellularization process effectively removes key 
cellular components, including DAPI-stained DNA and 
actin and tubulin cytoskeleton.

B. 

Figure 4: Modulation of gene expression by MMC over time. 
Results show RT-qPCR analysis of relative mRNA expression of MMC and 
nMMC cultures up to 15 days. Out of a total of 31 genes analyzed, 6 genes of 
ECM proteins (COLL I, COLL III, BGN, DCN, SPARC, THBS2) were significantly 
downregulated, while MMP1 was upregulated under MMC compared to 
nMMC after Day 8.



Technical Faults in Dental Panoramic Radiographs in Mixed Dentition Patients
Ridgway E*1, Kennedy D2, Reitzik S1, Ekk J1, MacDonald D1
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METHODS
The consecutive case series of 178 consecutive DPRs  made on 6-to-12-
year-old children were obtained at the UBC dental student clinic.  The 
primary examiner was calibrated on 30 DPRs.  

CONCLUSIONS
This study demonstrates that patient age does not influence the 
number of ungrouped errors on DPR’s of mixed dentition patients. 
When the DPR errors were grouped we determined that errors 
decrease as the patient gets older. The overlap of criteria between 
error types, likely explains the discrepancy between ungrouped and 
grouped results. 
Patient sex did not appear to contribute to the number of errors in a 
DPR before or after grouping of errors. 
Undeterminable variables for each DPR are differences in the many 
operators’ skill and experience, and anatomical properties of patients 
(resulting in a patient being positioned appropriately appearing to have 
a DPR positioning error); resulting from inconsistent record keeping; it 
is unknown if the operator took supplemental radiographs due to the 
presence of DPR errors. 
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OBJECTIVES
Dental panoramic radiographs (DPR) have been central to dental 
imaging particularly of new patients for almost 70 years. An age-group 
of particular interest in the mixed-dentition child, reviewed on a DPR to 
determine the state and stage of dental development. The current 
COVID-19 pandemic enhances further the DPR’s value as it replaces 
intra-oral radiography which are aerosol generating procedure (AGPs).1
Unfortunately every radiographic procedure is subject to error. The 
ultimate concern is when the error/s render the radiograph so 
undiagnostic, compelling the patient’s  re-exposure, particularly the 
more radiation-sensitive child.2 Although the digital DPR, in this case a 
CCD system, obviates completely errors in image development, errors 
arising in technique remain an issue.3 Compounding this could be the 
age and sex of the patient. Between 8-to-12 –year-old children show 
anxiety  for restorative dentistry.4 Is the DPR viewed as threatening? 
Girls show less fear.5 Previous studies have not analyzed the difference 
in errors within a young age group, for example Granlund et al.; their 
average age is older than in our study.6 
Study aim: To determine whether patient age or patient sex affects the 
number of errors on DPRs in the mixed dentition population.

RESULTS
A linear regression analysis showed that the number of errors decrease 
as the child gets older, but with a p-value of 0.102 this is not 
statistically significant so we cannot conclude that age has a significant 
relationship with the number of errors in a DPR.

DPR with  the 
following errors:  
tilt right, 
rotate right, 
chin upwards, 
positioned too
far posteriorly 
and moved 
during exposure.

DPR with the 
following errors:
shift right, 
chin upwards, 
tongue not 
contacting the 
palate, 
and lips open 
around bite-stick. 

Number of DPRs with each error type before grouping
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Number of DPRs with each error type after grouping

The  jittered scatterplots displayed below show the number of errors 
after grouping versus age. The blue line is the linear regression line 
imposed over the data. 

Tables to the 
right show 
the 
proportion
of rotation 
and tilt errors 
detected on 
DPRs by 
direction. 
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A p-value of 0.44 was obtained when evaluating the difference in the 
average number of errors per DPR for males and females. 

Effect of grouping errors
DPR errors presenting with similar appearance or from similar cause 
were grouped. When errors were grouped it was concluded that age 
has a significant relationship to the number of errors in a DPR with a p-
value of 0.011.

The  jittered scatterplots displayed below show the number of errors 
after grouping versus sex. The blue line is the linear regression line 
imposed over the data.

.  
Trends for head tilting left and rotating right is likely due to the DPR 
room design and the door location.
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Investigating Taurodontism in an Adolescent Population Using Dental Panoramic Radiographs
Samji Z*1, Manso A2, Richman J2, MacDonald D1
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METHODS
Digital dental panoramic radiographs (DPRs) taken of 124 adolescents aged 
between 15 and 20 years old (male: female ratio; 59:65), attending the 
University of British Columbia’s Faculty of Dentistry Clinic between July 2006 
and June 2019 were examined. The adolescents were classified as per American 
Association of Anesthesiologists Physical Status as ASA I (N =112) and ASA II (N 
=12).  Unrestored first and second permanent molars with closed apices were 
measured digitally and a taurodont ratio index was obtained using the Shifman
and Chanannel criteria. 

CONCLUSIONS
Our results suggest that mild taurodontism is relatively common in the local 
adolescent population similar to what was reported elsewhere.  In previous 
studies, taurodontism was found in the Chinese and Brazilian populations in 
44% and 43% of their normal controls.  Our study is unique in that it looks at a 
Canadian adolescent population with a mixed ethnicity.  Taurodontism was 
found in 68 (55%) of the 124 DPRs examined.  The ability to identify these teeth 
and diagnose them early can help inform treatment planning decisions that are 
beneficial for both the clinician and the patient.
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OBJECTIVES
Taurodontism was thought to be associated mainly with oro-facial syndromes 
but studies in normal Chinese and Brazilian adult populations shown that this 
trait is relatively common. We hypothesize that taurodontism is a variation of 
normal root morphology that may be present in an adolescent population as an 
incidental finding. The aim of this retrospective study was to examine the first 
and second permanent molars on dental panoramic radiographs (DPRs) to 
assess the presence of taurodontism.

RESULTS
The total number of teeth examined was 992 and the proportion of taurodont
teeth was 17%. Of the 124 cases, 68 had at least one taurodont tooth.  There were 
43 cases with bilateral taurodont teeth. Taurodontism had a higher predilection for 
females (63%) as compared to males (46%).  This difference was statistically 
significant with a P value ranging from P = .003 to P = .043.  Second permanent 
molars had a higher incidence of taurodontism.   Among the 165 teeth classified as 
taurodonts, 142 (86%) teeth exhibited mild (hypotaurodontism).
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Root Shape Taurodont Index

Normal (Cynodont) Less than 20
Hypotaurodont
(Mild)

From 20 up to 30

Mesotaurodont
(Moderate)

Over 30 up to 40

Hypertaurodont
(Severe)

Greater than 40

Figure 2. Gradation of taurodontism from normal (cynodont) to severe (hyper-taurodontism). 
Acknowledgment: MacDonald D. Taurodontism. Oral Radiology 2020

Table 1. Taurodont Index. Reference: MacDonald D. Taurodontism. Oral Radiology 2020

Table 2.  Number and type of Taurodont per tooth type 

TOOTH TYPE
(N=992)

NORMAL HYPOTAURODONT
(Mild)

MESOTAURODONT
(Moderate)

HYPERTAURODONT
(Severe)

Tooth #17 77 42 5 0
Tooth #16 105 18 1 0
Tooth #47 105 16 1 2
Tooth #46 124 0 0 0
Tooth #26 104 17 2 1
Tooth #27 78 38 6 2
Tooth #37 111 10 1 2
Tooth #36 123 1 0 0

TOTAL 827 (83.4%) 142 (14.3%) 16 (1.6%) 7 (0.7%)

Figure 3: Taurodont Index:  (Males and Females combined)
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Figure 4: Taurodont Index: Males (N=59) and Females (N=65)

Figure 1: An adaptation from Shifman and Chanannel describing the three objective variables 
to calculate the  Taurodont Index (TI). Acknowledgment: MacDonald D. Taurodontism. Oral 
Radiology 2020 
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Figure 5: Incidental finding: Pulp chamber is below the CEJ in 2% of teeth



COVID-19 Uncertainties From the Perspective of 
Oral Health Care Workers 

Shayanfar M*1,2, Almeida F1, Cua D3, Maragha T1, Mathu-Muju K1, von Bergmann H1, Donnelly L3, Brondani M1

1Department of Oral Health Sciences, Faculty of Dentistry, The University of British Columbia, Vancouver, Canada (UBC); 2Department of Psychology, Faculty of Science, UBC;                                    
3Department of Oral Biological & Medical Sciences, Faculty of Dentistry, UBC

METHODS
• Sample

o 45 frontline oral health care workers 
(i.e., dentists, dental hygienists, 
certified dental assistants, staff) in 
British Columbia, Canada

• Semi-structured interviews
o Conducted via via phone, Zoom©

video communication, and Skype 
Microsoft© 

o Audio recorded and transcribed

• Analyses
o Coding and thematic analysis 

CONCLUSIONS
• Uncertainties were found to be primarily 

related to the continually unfolding 
information and lack of clear information on 
safe oral health care delivery. 

• Important to integrate perspectives of other 
oral health care providers and patients 
across other Canadian provinces. 
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COVID-19

Patient 
care

Personal 
lives

The 
future

Uncertainties 
back-in-time

• Five themes around uncertainties toward:• Widespread changes associated with the 
COVID-19 pandemic and oral health care 
practices.1,2

• Oral health care providers at high risk for 
getting infected with COVID-19.3

• The extent of uncertainties among oral 
health care providers during the pandemic 
unknown.

Objective: To explore the ways in which oral 
health care workers experienced uncertainties 
as a result of the COVID-19 pandemic in British 
Columbia, Canada.

“When I first started we 
didn't use masks and gloves 
… But that all changed.”

“We are trying to follow the 
information, but it is too much, 
too often and sometimes, too 
different. I get lost.” 

“...if I get sick, I do not want my 
kids to get it, or my husband to 
get it.” 

“I feel like there’s going to be 
fewer dentists because I don't 
think people are gonna be able to 
do this, myself included.”

“…is disproportionately 
impacting certain groups of 
people more than others.”

“…it can be an equalizer or equalize it 
in the society as I think it is affecting 
those that never travelled.” 

“We can learn from the past, as 
we did when HIV came, as we 
did when SARS come…we adapt, 
we change, we move past that.” 



“he is a person, he will have feelings, 
thoughts, so he will change, we need to 
make this effort instead of directly send 

him to have general anesthesia, like 
killing a pig, and have him slaughtered.

I don’t think this is that way to treat 
someone, this is how to treat a pig...”

– Participant J

Chinese-Canadian Parents’ Attitude Towards General Anesthesia for Pediatric Dental Treatment
Tam J1, Donnelly L2, von Bergmann HC1, Mathu-Muju KR1

1Department of Oral Health Sciences, Faculty of Dentistry, The University of British Columbia, Vancouver, Canada (UBC); 2Department of Oral Biological & Medical Sciences, Faculty of Dentistry, UBC

METHODS
Purposeful sampling of immigrant Chinese parents 
of young children presenting for dental care.

CONCLUSIONS
Intercultural differences and concerns about GA 
safety may present significant barriers to 
obtaining informed consent for dental treatment 
under GA for Chinese immigrant parents. 
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OBJECTIVE
Explore the barriers and facilitators to obtaining 
informed consent for full mouth dental 
rehabilitation under GA from immigrant Chinese 
parents. 

RESULTS
Six major themes emerged from 12 interviews.
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“I actually think that if 
it’s going to finish 

soon, a child crying 
isn’t [an issue].”

– Participant I

“I’m afraid of the side 
effects…to the body, 

brain...safety.” 
– Participant A

“…if the child feels that the dentist 
can give him a friendly feeling, or an 
interesting feeling, he will be more 

likely to listen and cooperate with the 
dentist. Parents in this context can 

only have a supportive role, because 
parents cannot fundamentally 

resolve his anxiety.”
- Participant H

“What I know is that well, 
number one, they’re 

actually real teeth…which I 
didn’t know growing up.” 

- Participant F

“So if it’s for fillings, it’s fine, but if it’s 
for general anesthesia, I need to 

consider it…I’m still worried, I think 
that it’s not healthy…For adults, we 
might think of other ways for how it 
can be cheaper, but for children, the 

money that can be saved, we will 
save but the money that can’t be 

saved, can’t be saved…”
– Participant I

BACKGROUND
Intercultural communication challenges:

 Differences in perception of disease.
 Differences in expectations of behaviour 

management.

Obtaining informed consent for 
dental rehabilitation under general anesthesia 
(GA) may present challenges with immigrant 
families. 

DISCUSSION
Obtaining informed consent is not limited to a 
discussion about the risks and benefits of 
treatment options. 

Guanxi and information about Canadian 
professional standards of care may be facilitators 
to obtaining informed consent. 

Empowering families to make an informed 
decision for their children requires dental 
professionals to be mindful of the acculturation 
discrepancy of immigrant families that may 
impact the optimal overall health of the child. 



CONCLUSIONS
• Secretomes derived from GFBLs and SFBLs modulate the expression of key wound healing-associated genes in the respective cell types distinctly.

• Notably, SFBLs treated with GFBL-CM exhibit gene expression changes consistent with ECM regeneration and diminished scar formation, suggesting that GFBL secretome may favorably modulate skin wound healing. 

• However, GFBL secretome-induced cell proliferation is likely not a contributing factor for this augmented skin wound healing response.

• To better elucidate the mechanisms by which the GFBL secretome may modulate SFBL phenotype, further experiments are required to identify key signalling molecules within the GFBL secretome.

• While more research is required to better understand this phenomenon and the mechanisms involved, cell therapy using GFBLs may have the potential to prevent scarring in the skin following injury, surgery, or burn.

METHODS
Figure 1. 
A. Collection of conditioned media 
(CM): Four parallel strains of primary 
human GFBLs and SFBLs from 
different donors were allowed to form 
in vivo-like three-dimensional cultures 
over 7 days, and then incubated in 
serum-free DMEM for 3 days. The 
resultant media were then collected, 
pooled for each cell type, and 
concentrated 5 times to generate 
GFBL-CM and SFBL-CM. 

B. Gene expression: Next, confluent 
GFBLs (n=4 cell strains from different 
donors) and SFBLs (n=4 cell strains) 
were cultured in equal amounts of the 
GFBL-CM (test-CM), SFBL-CM 
(control-CM), or serum-free DMEM 
(baseline) for 48 hours before RNA 
extraction, cDNA synthesis, and RT-
qPCR. The experiment was repeated 
with 3 biological replicates of pooled 
CMs.

C. The expression of 18 genes, 
associated with wound healing, scar 
formation, and ECM remodelling, was 
evaluated.

D. Cell Proliferation: To assess the 
ability of CMs to modulate proliferation 
of GFBLs (n=4 cell strains) and SFBLs 
(n=4 cell strains), cells (5,000 
cells/well) were cultured in microtiter 
plates and then treated with GFBL-
CM, SFBL-CM, or positive and 
negative control media as described 
above. Cell numbers were assessed at 
the start of the experiment (time 0) and 
after 48 h using MTT cell proliferation 
assay. The experiment was repeated 
with 2 biological replicates of pooled 
CMs.

Statistical analyses were performed 
by one-way ANOVA with Tukey’s post 
hoc test. Results show mean ± SEM of 
2-3 repeated experiments with 4 
parallel cells strains from different 
donors. Each repeated experiment 
was performed with a distinct set 
(biological replicate) of pooled CM 
from the 4 GFBL and 4 SFBL strains. 
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RESULTSOBJECTIVES
Oral mucosal wounds heal faster and generate substantially less scarring than skin 
wounds. Our preliminary data suggest that when gingival fibroblasts (GFBLs) are 
placed in scar-forming skin wounds in vivo, they modulate extracellular matrix 
(ECM) composition and skin fibroblast (SFBL) phenotype, leading to augmented 
healing with diminished scar formation (unpublished data). Therefore, we 
hypothesized that the molecules secreted by GFBLs (secretome) contributes 
to these wound healing responses. The objective of this study was to investigate 
changes in human SFBL gene expression and proliferation when stimulated with 
GFBL secretome-enriched conditioned media (GFBL-CM).

GFBL-CM modulates the expression of several genes associated with wound healing in SFBLs
• Compared to SFBLs treated with their own conditioned media (SFBL-CM), the GFBL-CM treatment 

induced significant differential expression of 8 out of 18 genes: COL1A1, EDA-FN, MMP2, ACTA2, 
TGFB3, TGFBR2, LRRC32, and VEGF (Figure 2). The genes TGFB3, LRRC32, and TGFBR2 are 
involved in TGF-β signalling, a key pathway regulating wound healing and scar formation. 

• Upregulation in:
• COL1A1 and EDA-FN (Figure 2A and D): important for ECM regeneration
• MMP2 (Figure 2F): modulation of inflammation
• VEGF (Figure 2Q): modulation of angiogenesis
• TGFB3 (Figure 2N): encodes for TGF-β3, an antifibrotic TGF-β isoform
• LRRC32 (GARP; Figure 2P): modulation of TGF-β activation

• Downregulation in:
• ACTA2 (Figure 2K): marker for profibrotic myofibroblasts
• TGFBR2 (Figure 2O): a receptor that mediates signaling by all TGF-β isoforms

SFBL-CM modulates gene expression in GFBLs

• Compared to GFBLs treated with their own conditioned media (GFBL-CM), the SFBL-CM treatment 
significantly reduced the expression of EDA-FN and LRRC32 (Figure 2D and P)

• In SFBLs, both the GFBL-CM and SFBL-CM induced a significant upregulation of TNC, MMP1, and 
MMP3 (Figure 2C, E, and G), involved in ECM remodelling and wound healing, and downregulation 
of FAP (Figure 2J), a cell surface protein associated with scar formation

• These responses were not observed in GFBLs

Differential response of SFBLs and GFBLs to the CM treatments

Gingival Fibroblast Secretome Modulates Skin Fibroblast Function
Tang B*, Jiang G, Larjava H, Hӓkkinen L

Department of Oral Biological and Medical Sciences, Faculty of Dentistry 
The University of British Columbia, Vancouver, Canada
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Figure 2. Expression of 18 genes associated with wound healing, scar formation, and extracellular matrix remodelling in 
human SFBLs or GFBLs, incubated in SFBL-CM or GFBL-CM for 48 hours. Relative gene expression values are represented as 
fold changes compared to DMEM baseline for each individual cell strain. Values obtained by the comparative Cq method were log2 
transformed. *p < 0.05, **p < 0.01, *** p < 0.001, ****p < 0.0001.

Figure 3. No significant difference in cell proliferation was observed 
for SFBLs treated with GFBL-CM compared to SFBL-CM. A-B: 
Comparison of cell proliferation over time. Both GFBL-CM and SFBL-
CM promoted cell proliferation significantly in SFBLs at 48 h (A), but not in 
GFBLs (B). C-D: Comparison of relative GFBL and SFBL numbers 
between different treatments after 48 h. There was no significant 
difference in cell numbers between the two CM treatments in both SFBLs 
and GFBLs at 48 h. *p < 0.05, **p < 0.01, *** p < 0.001, ****p < 0.0001.

Proliferation was not significantly different in SFBLs treated with 
GFBL-CM compared to SFBL-CM

• Both the GFBL-CM and SFBL-CM promoted cell proliferation 
significantly in SFBLs over time at 48 h compared to time 0 baseline 
levels (Figure 3A)

• However, such significant increases in cell proliferation were not 
observed in GFBLs (Figure 3B)

• When relative cell numbers were compared between different 
treatments after 48 h, there was no significant difference in cell 
numbers in SFBLs or GFBLs treated with GFBL-CM or SFBL-CM 
(Figure 3C and D)
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Gene Type Gene Associated Protein
Collagen COL1A1 Collagen I

COL3A1 Collagen III
Other ECM Components TNC Tenascin C

EDA-FN EDA-Fibronectin
Matrix Metalloproteinases MMP1 Matrix Metalloproteinase 1

MMP2 Matrix Metalloproteinase 2
MMP3 Matrix Metalloproteinase 3

Cell to Cell Communication GJA1 Connexin 43 (Cx43)
Profibrotic Fibroblast Markers CD26 Dipeptidyl Peptidase-4 (DPP4)

FAP Fibroblast Activation Protein ɑ (Seprase)
ACTA2 ɑ-Smooth Muscle Actin (ASMA)

TGF-β Signalling TGFB1 Transforming Growth Factor β1
TGFB2 Transforming Growth Factor β2
TGFB3 Transforming Growth Factor β3
TGFBR2 Transforming Growth Factor β Receptor II
LRRC32 Leucine Rich Repeat Containing 32 (GARP)

Chemokines/Growth Factors CXCL12 Stromal Cell-Derived Factor 1 (SDF-1)
VEGF Vascular Endothelial Growth Factor
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Transverse and Circummaxillary Sutural Changes in Different Maxillary 
Expansion Protocols 
Thong E*, Vora S, Almeida F, Zou B

Department of Oral Health Sciences, Faculty of Dentistry, The University of British Columbia, Vancouver, Canada

METHODS
• Single centre, single-blinded retrospective CBCT records (collected  June 2010 --

December 2012),  Dept. of Orthodontics, Peking University School of Stomatology
• N=41 growing class III patients, randomly 1:1 allocated to either RME or Alt-RMEC 

group, all clinical treatments performed by single clinician
• Expansion protocol:

• RME: 4 turns of activation/day (1mm / day) x 7 days
• Alt-RMEC: 7 weeks of 4 turns/day (1 mm/day) with alternating weeks of 

expansion then constriction 
• T0 (pre-expansion) and T1 (post-expansion) CBCTs taken using  standardized 

settings (0.4 mm voxel)
• Inclusion criteria: age 7-13 at treatment start, maxillary 1st molars fully erupted, 

dental class III malocclusion with anterior crossbite, cephalometric signs of class III
• Exclusion criteria: previous orthodontic treatment, craniofacial anomalies, 

unsuitable maxillary dentition for expansion appliance, poor quality CBCT 
• Excluded 7 of 41 patients due to poor records -- included a total of 34  patients, 17 

in each RME and Alt-RMEC group
• Measurements (after standardization protocol of CBCT):

• Dentoalveolar linear and angular measurements (T0, T1) at  anterior, 
middle and posterior coronal sections

• Circummaxillary suture patency measurements (T0, T1)
• Cervical Vertebral Maturation Stage (CVMS) (T0)
• Mid-Palatal Suture Density (MPSD) Ratio (T0)

• Single investigator (ET) was blinded to sex, age and treatment type. All 
measurements were repeated at least 2 weeks apart by same investigator (ET)

CONCLUSIONS
• RME and Alt-RMEC resulted in similar transverse dentoalveolar and skeletal 

measurements in addition to circummaxillary sutural changes
• Alt-RMEC resulted in:
 Statistically less left maxillary 1st molar tipping and overall maxillary 1st molar 

tipping (p < 0.05) than RME – 3.3o and 2.3o less tipping respectively (clinically 
significant)

 Statistically larger nasal aperture width than RME (p < 0.05) - 0.7mm more 
expansion due to distraction of a combination of midline sutures

 Both RME and Alt-RMEC protocols result in pyramidal expansion patterns 
anterior-posteriorly (no significant difference between groups) as well as inferior-
superiorly (significant difference difference between groups at nasal level), with a 
trend of Alt-RMEC resulting in a slightly more parallel expansion pattern 

• Univariate and subsequent linear regression analyses revealed:
 Males had larger treatment changes in posterior and middle palatal basal widths 

(p < 0.05), with sex accounting for 20.0% and 20.5% of the treatment change in 
our study’s sample, but future studies will require both larger sample size and 
equal sex distribution in order to elaborate on this correlation 

 Increasing skeletal maturity, as measured by CVMS, resulted in larger amounts of 
right nasomaxillary suture opening, with CVMS accounting for 28.4% of the 
treatment change (p < 0.05) 

 Age and MPSD ratio were not found to be a significant explanatory variables for 
treatment change in any dentoalveolar, skeletal or sutural variable analyzed
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RESULTS

• Angell (1860) first outlined maxillary expansion which has since become 
common in orthodontic clinical practice

• Maxillary expansion protocols differ based on rate of expansion (slow vs. rapid), 
appliance type (removable vs. tooth-borne vs. bone borne) and protocol duration

• Maxillary expansion is ideally done in skeletally immature patients to maximize 
the amount of orthopedic expansion and minimize dentialveolar effects (alveolar 
bending and dental tipping) 

• Skeletal maturity can be assessed by cervical vertebral maturation stage 
(CVMS) or the novel Mid-Palatal Suture Density (MPSD) Ratio

• Literature has documented that Rapid Maxillary Expansion (RME) results in a 
pyramidal expansion pattern: more expansion anteriorly and inferiorly

• Garrett et al., 2008 noted that RME results in 38% orthopedic expansion, 13% 
alveolar bending and 49% dental tipping (10 –16 years old patients)

• RME results in a small degree of circummaxillary suture disarticulation (0.2-
0.4mm) (Leonardi et al., 2011) 

• Alternating Rapid Maxillary Expansion and Constriction (Alt-RMEC) protocol was 
first described by Liou and Tsai (2005) in  a population of  cleft lip/palate patients 
treated with expansion followed by protraction  facemask 

• Previous studies comparing RME and Alt-RMEC use 2D analyses, focus on 
anterior-posterior or vertical changes or analyze circummaxillary suture status 
via qualitative methods or non-human models

• The objectives of this study are:
 To use 3D imaging to compare the transverse dentoalveolar and skeletal changes due to 

different maxillary expansion protocols (RME vs. Alt-RMEC)
 To use 3D imaging to analyze the amount of circummaxillary suture opening due to 

different maxillary expansion protocols (RME vs. Alt-RMEC)

METHODS CONT’D

Figure 1. Visualization of the measurements taken for this study. (A) Maxillary basal width (mm), maxillary alveolar 
width (mm) and maxillary 1st intermolar width (mm), (B) palatal basal width (mm), palatal alveolar width, (C) right and 
left maxillary 1st molar angulation (o), (D) right and left maxillary alveolar angulation (o), (E) indirect mid-palatal suture 
patency measurements: distance between right and left anterior nasal spine, posterior nasal spine, medial pterygoid 
plates, lateral pterygoid plates, (F) assessment of cervical vertebral maturation stage, (G) mid-palatal suture density 
ratio measurements for anterior, middle and posterior sections, (H) mid-palatal suture density ratio measurements for 
an averaged section, (I) indirect measurement of nasomaxillary suture patency, (J) frontonasal suture patency (mm), 
(K) internasal (blue arrow)l and right and left nasomaxillary (white arrows) suture patency (mm), (L) right and left 
zygomaticofrontal suture patency (mm). 

Table 1. Basic demographic data of the patients included in this study: sex, CVMS, assigned treatment group, age. 
Abbreviations: CVMS: cervical vertebral maturation stage, RME: rapid maxillary expansion, Alt-RMEC: alternating rapid 
maxillary expansion and constriction. 

RESULTS CONT’D

Table 2. Transverse treatment changes (mm) from anterior to posterior. Abbreviations: RME: rapid maxillary expansion, 
Alt-RMEC: alternating rapid maxillary expansion and constriction, sd: standard deviation. 
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OBJECTIVES


		Sex

		Number of subjects (n =34)

		% of n



		Female

		24

		70.6%



		Male

		10

		29.4%



		CVMS

		Number of subjects (n=34)

		% of n



		1

		14

		41.2%



		2

		8

		23.5%



		3

		7

		20.6%



		4

		3

		8.8%



		5

		2

		5.9%



		6

		0

		0.0%



		Expansion Protocol

		Number of subjects (n =34)

		% of n



		RME

		17

		50.0%



		Alt-RMEC

		17

		50.0%



		 Age Descriptor

		Age (years)



		Mean

		10.1



		Median

		9.8



		Range

		7.2-12.5








		

Treatment differences (T1-T0)

		RME

		Alt-RMEC

		

95CI% of the difference

		

Significance*



		

		mean (sd)

		mean (sd)

		

		



		Mid-Palatal Suture (ANS) (mm)

		3.3 (0.9)

		2.6 (1.1)

		0.0;1.4

		0.051



		Anterior palatal base width (mm)

		2.7 (1.9)

		2.7 (1.6)

		-1.2; 1.3

		0.915



		Middle palatal base width (mm)

		3.0 (1.5)

		3.2 (1.1)

		-1.1; 0.7

		0.660



		Posterior palatal base width (mm)

		2.4 (1.0)

		3.0 (1.4)

		-1.5; 0.2

		0.136



		Mid-Palatal Suture (PNS) (mm)

		1.5 (0.70)

		1.3 (0.7)

		-0.2;0.7

		0.323
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