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Health—Related Quality of Life in Treated Oral
Cancer Patients

Sathitdechkunchorn A* Chaichit R** Jinaporntham S***

Abstract

Previous studies revealed that oral cancer survivors could still have significant loss of oral functions as well as having social and
psychological issues after cancer treatment. This study aimed 1) to investigate the Health—Related Quality of Life (HRQOL) in oral cancer patients
after surgical treatment 2) for comparing the HRQOL in physical aspect with socio—emotional aspect and 3) to investigate factors related to HRQOL.
This study was conducted using the Thai version of University of Washington’s Quality of Life Questionnaire (UW—QOL), version 4 with 80
histologically confirmed oral squamous cell carcinoma (OSCC) patients who were treated at the Faculty of Dentistry, Khon Kaen University,
Thailand. T-stage, neck dissection, treatment modality, and type of reconstruction were the predictive factors of patient’s physical function (p<0.05).
Interestingly, the post—treatment overall QOL of the patients was “good” (62+13.0) with the HRQOL score in socio—emotional (87.86+22.29)
significantly higher than physical function (79.96+27.42) (p<0.001). Therefore, to improve post—treatment physical function, active surveillance,
such as oral cancer screening in high—risk populations, and good health education regarding self-detection of early oral malignant lesion, should
be implemented for early diagnosis and prompt medical treatments. Also, health care providers may need to emphasize on preserving the oral

functions and facial appearance as much as possible.

Keywords: Health—related quality of life/ University of Washington quality of life questionnaire/ Oral squamous cell carcinoma

Introduction

Oral cancer is the 6" most common malignant
tumor in the world and the second most common cancer in
Southeast Asia.' In 2018, oral cancer was the 5™ and 7" most
newly diagnosed cancer in Thai men and women
respectively,2 with the most common type being squamous
cell carcinoma.’ The principle of the treatment of oral
squamous cell carcinoma (OSCC) is to completely eliminate
the tumor in conjunction with maintaining function of the
orofacial structures including chewing, swallowing,
speaking, breathing and appearance as much as possible.
Inevitably, the oncologic surgery will cause some degree of
disability to oral functions and the aesthetic of the patient in
terms of shape of the mouth and face. In addition,
postoperative radiation or chemotherapy may also affect

orofacial function which lead to impaired quality of life.?

Received: May 09, 2022
Revised: Feb 22, 2023
Accepted: Mar 27, 2023

Previous studies in patients with oral cancer have
shown loss of oral and psychosocial function even if the
patients have fully recovered and survived."” Quality of life
is therefore considered to be an important part of the clinical
outcomes in oral cancer patients.*’ In clinical practice, the
measurement of the impact of treatment on quality of life is
commonly assessed by using the term health—related quality
of life (HRQOL)."

A questionnaire is a tool mainly used for measuring
HRQOL because patients can easily understand and answer
the question and it is also cost—effective.” Currently, although
there are many studies measuring quality of life in oral cancer
patients, there are still differences in terms of outcomes and
problems affecting HRQOL.6’7’10 A study by Kuysakorn et al.’
which assess the quality of life of oral cancer patients before

and after treatment, found that the patients had significantly

* Resident training program in Oral and Maxillofacial Surgery, Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Khon Kaen University, Amphur

Muang, Khon Kaen.
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*** Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Khon Kaen University, Amphur Muang, Khon Kaen.
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lower HRQOL score after the treatment. However, limitations
in this study such as drop out of subjects and limited duration
of the study made it impossible to compare other important
factors such as treatment modality, neck dissection and type
of reconstruction that affect the quality of life of the patient.
The objective of this study was to investigate
the HRQOL in oral cancer patients after surgical treatment,
compare HRQOL in physical aspect with socio—emotional

aspect and investigate factors related to HRQOL.

Material and methods

This cross—sectional study was conducted at the
department of oral and maxillofacial surgery, faculty of
dentistry, Khon Kaen university, over a period of 12 months
under the approval of the Khon Kaen University Ethics
Committee for Human Research. The inclusion criteria were
patients who were histologically confirmed OSCC and
treated with surgery as a main modality with or without
additional radiotherapy or chemotherapy and have been
followed up after treatment for at least 1 year. The
exclusion criteria were OSCC patients who did not undergo
surgery as a main modality of treatment, patients with OSCC
located only within the epithelium, patient with any other
of oral who have

histological cancer, patient

types
synchronous or metachronous lesion, patient with recurrent
disease and patient who previously received surgery or
radiotherapy for pathology in the head and neck area. The
authors conducted a pilot study and calculated the sample size
for this study. The calculated sample size was 77 patients, so
we have included 80 patients in this study.

We collected demographic and treatment-related
data from the patient’s medical records at our department.
The patient’s identification information is concealed by
providing a newly defined reference code. Due to COVID-19
situation, the researcher sent the information sheet to the
patients via postal mail. One month prior to the interview,
non—investigators contacted the patients for informed consent
to participate in the research verbally via telephone and
interviewed UW-QOL

subjects according to the

questionnaire (version 4)" that has been officially translated

into Thai and has been tested for content validity and
reliability.6 The Thai version of UW—-QOL questionnaire is
divided into 3 parts. Part 1 consists of 12 domains which can
be grouped into two aspects, physical function (appearance,
swallowing, chewing, speech, taste, and saliva) and socio—
emotional function (pain, activity, recreation, shoulder, mood
and anxiety). Each domain has three to five choices of
answers with scores rated from 0 (worst) to 100 (best). Part 2
has only 1 question concerning the problem most affects the
patient during the last week. Part 3 consists of 3 questions
measuring global QOL of the patient.

Statistical analysis

The data obtained from the UW-QOL
questionnaire were measured and analyzed using IBM SPSS
Statistic  for ~ Windows,  Version 19. The  descriptive
statistics was calculated for demographic variables in terms of
mean + SD and percentage. Eight factors were assessed for
their impact on QOL, physical function and socio—emotional
function in our patients. These include patient’s sex, age, site
of lesion, T—stage, neck dissection, treatment modality, type
of reconstruction and follow up duration. The inferential
statistic analysis was conducted by using the Mann—Whitney
U test and Kruskal Wallis test to check the significance of the
difference of each different

in mean QOL scores

group. p<0.05 were considered statistically significant.

Results

Eighty patients who attended the follow up
treatment regularly for at least 1 year and met the inclusion
and exclusion criteria with verbal consent via telephone were
recruited, consisting of 33 males (41.3%) and 47 females
(58.7%), with a mean age of 66.40 = 12.33 years. The most
common site of the tumors was the alveolar ridge (30.0%),
followed by tongue (28.7%) and buccal mucosa (13.7%),
respectively. According to the American Joint Committee on
Cancer (AJCC) staging manual eight edition,'” it was found
that most of the patients had T4 cancer, accounting for 29
patients (36.2%). A total of 71 patients (88.7%) underwent
neck dissection in conjunction with resection of the tumor.

The remaining 9 patients (11.3 %) underwent surgery for the
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primary tumor alone. In terms of treatment modality, we
found that more than half of the patients (46 patients, 57.5 %)
underwent surgery with postoperative radiation therapy. As
for reconstruction surgery, the majority of the surgical defects
were reconstructed with loco-regional flap (28 patients,
35.0%). When classified by follow—up period, we found that
the follow—up group of less than 5 years and more than or
equal to 5 years follow—up were equal with 40 patients (80 %)

in each group (Table 1).

Table 1  Clinical characteristics of the study participants
Variable N (%)
Gender Male 33 (41.3%)
Female 47 (58.7%)
Total 80 (100%)

Age (Mean + SD) 35— 95 years (66.40 + 12.33 years)

Up to 66.4 years 41(51.2%)
More than 66.4 years 39 (41.8%)
Site of lesion Mucosal lip 9 (11.3%)
Buccal mucosa 11 (13.7%)
Alveolar ridge 24 (30.0%)
Retromolar trigone 5(6.3%)
Floor of mouth 5(6.3%)
Hard palate 3 (3.7%)
Tongue 23 (28.7%)
T-stage Early stage Tl 9 (11.3%)
T2 22 (27.5%)
Late stage T3 20 (25.0%)
T4 29 (36.2%)
Neck dissection Yes 71 (88.7%)
No 9 (11.3%)

28 (35.0%)
46 (57.5%)

Treatment modality Surgery alone

Surgery and radiotherapy

Surgery and 6 (7.5%)
chemoradiation
Type of Primary closure 14 (17.5%)
reconstruction Loco-regional flap 28 (35.0%)
Distant flap 16 (20.0%)
Free flap 13 (16.2%)
Obturator 9 (11.3%)
Follow up duration <5 years 40 (50.0%)
> 5 years 40 (50.0%)
Total number of subjects 80 (100%)

Health—Related Quality of Life

The overall HRQOL of treated patients was in good
level (62+13.0) (Table 2). The study revealed that the
HRQOL domains with the lowest score were chewing, saliva
and shoulder, respectively, which were mostly physical
function. The highest domain scores were activity, pain and
recreation, respectively, which were all socio—emotional
function (Table 2). The problems that affect their QOL most
were chewing followed by speech and swallowing,
respectively (Table 2). Chewing problems was the top rank
problem of physical function (52.5%).

Comparison between physical function and
socio—emotional function

The physical function score (79.96+27.42) was
significantly lower than that of socio—emotional function
score (87.86+22.29) (p<0.001). The physical function had
lower HRQOL scores (Table 3).

Factors affected the HRQOL

T-stage (p=0.014), neck dissection (p=0.010),
treatment modality (p<0.001 and p=0.032) and type of
reconstruction (p=0.041) were found to significantly affect
the HRQOL in terms of physical function (Table 4). We also
found that the patient with early stage of the tumor (T1-T2)
had a better quality of life in terms of physical function
compared to the late T—stage (T3-T4). Surgery for primary
lesion alone without neck dissection resulted in better quality
of life in terms of physical function when compared to
surgery combined with neck dissection. Regarding the
treatment modality, we found that surgery alone led to better
quality of life in terms of physical function than surgery
combined with radiation therapy (Table 4). Moreover, the
patients reconstructed with primary closure had better quality
of life in terms of physical function than reconstruction with

distant flap (Table 4).
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Table 2 Domains scores, importance question and Global Questions in UW—-QOL

- Appearance 80 77.50  18.054 75 75.00 — 100.00 27.5 25 4
'% Swallowing 80 85.50  23.755 100 70.00 — 100.00 66.3 26.25 3
E Chewing 80 60.00  34.126 50 50.00 — 100.00 35 52.5 1
E Speech 80 79.50  21.926 70 70.00 — 100.00 45 35 2
E é)* Taste 80 86.13  24.469 100 70.00 — 100.00 70 1.25 12
= Saliva 80 73.13  30.877 70 70.00 — 100.00 45 23.75 5
E _ Pain 80 92.50  17.966 100 100.00 — 100.00 80 8.75 7
2 g Activity 80 94.06  17.450 100 100.00 — 100.00 87.5 3.75 10
é g Recreation 80 92.19  22.002 100 100.00 — 100.00 86.3 3.75 11
z E Shoulder 80 76.37  25.120 80 70.00 — 100.00 40 17.5 6
:Ag Mood 80 86.56  23.175 100 75.00 — 100.00 68.8 7.5
Anxiety 80 85.50  22.608 100 70.00 — 100.00 65 6.25 9
Health-related QOL compared to 80 77.19  17.966 75 75.00 — 75.00 97.5
month before had cancer
Health-related QOL 80 62 13.724 60 60.00 — 60.00 90
during the past 7 days
Overall QOL 80 62 12.965 60 60.00 — 60.00 90
during the past 7 days

Table 3  Comparison of the physical function and socio—emotional function

Physical function 80 76.96 27.423 75 70.00 — 100.00 <0.001
Socio—emotional function 80 87.86 22.285 100 75.00 — 100.00

Table 4  The factors that affect the HRQOL using Mann—Whitney U test and Kruskal Wallis test

Physical Gender Male 73.33 62.92 — 87.08 0.056
function Female 85.83 72.50 —90.83
Age Up to 66.4 years 82.50 62.92 — 87.08 0.780
More than 66.4 years 82.50 72.50 —90.83
Site of lesion Mucosal lip (N=9) 85.83 80.42 —93.75 0.402
Buccal mucosa (N=11) 87.50 77.50 - 91.67
Lower alveolar ridge and retromolar trigone (N=22) 73.75 62.92 - 95.21
Hard palate and Upper alveolar ridge (N=10) 82.5 62.71 -91.46
Tongue and Floor of mouth (N=28) 75.00 65.21 — 87.50
Follow up duration <5 years 76.25 64.58 —90.83 0.547
> 5 years 82.50 69.17 - 90.63
T-stage Early (T1-T2) 87.50 75.00 — 95.00 0.014
Late (T3-T4) 77.50 63.75 - 86.67
Neck dissection Yes 77.50 65.00 — 90.00 0.010
No 91.67 84.58 — 95.83
Treatment modality Surgery alone 91.67 86.88 — 95.83 <0.001
Surgery and radiotherapy 72.92 60.42 — 83.33
Surgery alone 91.67 86.88 —95.83 0.032
Surgery and chemoradiation 73.75 63.54 — 85.83
Type of reconstruction ~ Primary closure 87.50 83.75-91.88 .041

Distant flap 67.50 59.58 —73.13
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Discussion

HRQOL can be measured by both qualitative and
quantitative methods. The qualitative method acquires
information by in—depth interview on the patient’s experience
to the treatment. This method requires less subjects than the
quantitative measurement, which uses questionnaire and
needs more subjects. However, there is no consensus on what
the best questionnaire for HRQOL measurement s>

In this study, the UW-QOL Questionnaire (version
4)" was used. This is a widely used and accepted
questionnaire especially for oral cancer patients.ls This
questionnaire is popular among researcher because it is brief,
self-~administered and low cost to implement.g’m Moreover,
this questionnaire has been translated into Thai version and
has been tested for content validity and reliability.6 From the
studies in 2004 and 2009, which surveyed on utilization of
questionnaires to assess the quality of life of head and neck
cancer patient, the authors found that the UW-QOL
questionnaire was the most used questionnaire in both
studies. "’

Most of the patients in this study (49, 61.2%) had
late T-stage cancer (T3-T4), which is consistent with
previous domestic studies and a study in Pakistan.*”"® This is
contrary to studies in Germany, in which most of the cancer
were in early T—stage (T1-T2).""" This may be due to the fact
that the health awareness, accessibility of health system as
well as socioeconomic status in developed country
(Germany) differ from those in developing countries
(Thailand and Pakistan). This makes the majority of cancer
patients in developed country get involved early in diagnosis
and treatment.

For the late T-stage cancer, we found neck
dissection, multi-modality treatment and type of
reconstruction are the related factors to patient’s poor
physical function (p<0.05). It implies that the more surgery
and adjuvant therapy the patient received, the worse the
physical function the patient will get subsequently. This is

similar to previous study by Pierre et al.”’ which state that T—

stage was one of the main predictor of QOL scores because

treatment intensity and thus treatment-related long—term
complications necessarily increase with tumor stage.
Moreover, the patients who have undergone surgery followed
by radiation therapy will have side effect such as difficult
swallowing, restricted mouth opening and dry mouth.” This
is consistent with the study by Bhanja et al.” that examined
factors affecting HRQOL. They found that T-stage, neck
dissection and treatment modality had statistically significant
affected physical function (p<0.05). Meier et al."’ found that
an increase in size of oral cancer had a significantly reduced
physical function including chewing, swallowing, and speech
(p<0.05). They also found that the site of lesion had a
statistically significant effect on quality of life. In our study,
we found that number of the patients with lesion at hard
palate, floor of mouth and retromolar area is very small.
Therefore, the sites of lesion were regrouped by grouping the
hard palate lesion with the upper alveolar ridge lesion, the
retromolar lesion with the lower alveolar ridge lesion and the
floor of mouth lesion grouping with the tongue lesion.
Because we considered that the surgical complications in
such group of lesions are likely to affect the patient’s function
in a similar way and to increase the reliability of statistical
analysis. We found that the location of these regrouped
lesions had an insignificant effect on HRQOL (p>0.05).

In our study, the OSCC patients show good overall
QOL with the socio—emotional function significantly higher
scores compared to physical function. This result was
different from the study by Dzebo et al.,” which found that the
physical subscale scores were similar when compared to
the socio—emotional subscale score (69.75+29.12 and
65.11+27.47). Also contrary to our study, the socio—
emotional subscale score (65.2+17.6) in the study by Bhanja
et al.”” was significantly lower than the physical subscale
scores (74.6+18.2) (p<0.05). They explain that this may be
attributed to their patient’s very poor socio—economic status
which cause them fear of loss of regular monthly income or
economic burden of the treatment and thus resulted in
depression and anxiety. When considering HRQOL in the
domain score, the top two problems with the lowest quality of

life scores were mood and anxiety problems in both studies
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from Dzebo et al. and Bhanja et al.>” In contrast, from our
study we assumed that the significantly higher socio—emotional
function score may be attributed to Thailand’s public health
system which provide the patient free access to health care
service, which help reduce the cost of the treatment. This
finding is worthy of exploring in—depth by future study
possibly using a qualitative inquiry.

When considering HRQOL of patients with late T—
stage in our study, we found that chewing problem was the
most concerned problem with the lowest score. This may be
due to loss of bone and teeth from jaw resection, teeth
extraction before radiation therapy or side effects from
postoperative radiation such as xerostomia, dental caries and
fibrosis of masticatory muscles. This finding was similar to the
previous study in Thailand’ and the studies by Abbas et al.”
and Meier et al.,” Regarding the HRQOL in the domain
score, we found that the problems affected the patients the
most were chewing, saliva and shoulder respectively. This
finding was similar to previous study by Kuysakorn et al.,’
which found that the problems affected the most is chewing,
taste and saliva respectively, and was consistent with the
study by Abbas et al.,” which reported that chewing problems
were the problem with the lowest HRQOL scores and
followed by saliva.

Regarding the prioritization of the problem by our
subjects, chewing was the first problematic function in this
study followed by speech and swallowing respectively (Table
2). This is consistent with a study by Kuysakorn et al..” which
found that salivation problems were ranked as a top priority
followed by chewing and swallowing respectively, and is
similar to the study by Abbas et al.,” which found that
chewing problems were ranked as a top priority which
corresponds to the HRQOL in the domain score as well.

The mean scores of overall quality of life in our
patients was found to be at a good level (62+13.0) which
was higher than the previous study in Thailand by
Kuysakorn et al.,’ which was found to be at a fair level
(54+15.2). The difference is possibly due to the different
period of follow—up. In our study we selected the patients

with at least one year of follow—up, while Kuysakorn et al.

collected data from patients who were within a 2—-month
follow—up period only. Meier et al."” found that the QOL
scores in the domain score in the group with at least 1 year of
follow up were significantly higher (p<0.05) than the group
with 3-6 months follow up. Abbas et al.” also found that
quality of life in the domain score was gradually improved
with longer follow—up duration. They explain that
postoperative healing processes and functional restitution
takes time'” and during the early stages of treatment the
patients may have psychological problems and being affected
by various side effects of the treatment.” Moreover, Meier et
al."’ found that the overall QOL were relatively stable after
follow—up duration of more than one year, which may be used
as a long—term indicator of HRQOL in OSCC patients. In
addition, in this study there was no statistically significant
difference of the HRQOL, physical function and socio—
emotional function between the group with more than or
equal to 5 years of follow—up duration and the group with less
than 5 years of follow—up duration (p > 0.05), which is
consistent with the study mentioned earlier and many other
studies.” > Crowder et al.”® found that the patients may
experience the treatment—related consequences including loss
of physical function and appearance, but they had learned to
live with or get use to their new life after the treatment. This
could be the explanation that the HRQOL after 1 year of
treatment has not significantly changed.

Limitation of Study

This study is a cross—sectional analytical study
which study the relationship of relevant factors during the
study period only. The limitation of quantitative study is
lacking in—depth information. Further study to investigate
whether the Thai national health care system, which covers
the expense of treatment for those cancer patients, is the
contributing factor to better socio—emotional domain score in

our study. In this study, telephone interview method was

used, which can cause inaccuracy in communication.

Conclusion

The mean scores of overall QOL in OSCC patients

in this study is at good level with significantly higher score of
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socio—emotional function than the scores of physical
functions. Moreover, late T—stage, neck dissection, treatment
modality and type of reconstruction significantly affect the
patient’s physical function. Therefore, active surveillance and
good health education are important for the patients to get an
early access to appropriate treatments which will result in
better post—treatment physical and psychological function
and thus improve HRQOL. Also, the physician should
consider the effect of treatment of oral cancer on patient’s the
quality of life especially the physical function by restoration
and maintain the oral functions and facial appearance as much
as possible.
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The Association between Periodontal Disease
and Malnutrition in A Group of Elderly People in
Thailand

Chatkittikunwong K* Rattanasuwan K**

Abstract

The aim of this study was to determine the association between periodontal disease and malnutrition status in older adults. The factor(s)
which are related to malnutrition in older adults with periodontal disease were investigated. Participants > 60 years old with functional and
cognitive independent were included in this cross-sectional study. Sociodemographic data, anthropometric measurements, self-rated chewing,
periodontal status, number of teeth and functional tooth units (FTUs) were recorded. The Mini Nutritional Assessment (MNA) was used for
nutritional status assessment. Eighty-two participants were included in the study. Two groups including normal nutrition group (82.9%) and at
risk of malnutrition group (17.1%) were found. A significant association between periodontal disease and risk of malnutrition was not found from
this study (p=0.557). A significant difference in nutritional status was found according to education levels (p=0.009). The percentage of
participants with insomnia and osteoarthritis was significantly higher in the at risk of malnutrition group than in the other group (p=0.003 and
0.042). It was noticeable that more participants with depression were found in the at risk of malnutrition group than in the other group (14.3% vs
1.5%). Then an association between periodontitis and malnutrition in older adults was not found in this study. The current study suggests an
association between insomnia, osteoarthritis and depression with risk of malnutrition. Thus, older adults with these symptoms may be at risk of

malnutrition and further study is needed to answer these questions.

Keywords: Malnutrition/ Older adults/ Periodontitis

Introduction

The phenomenon of population aging due to
declining fertility rate and rising life expectancy is occurring
throughout the world.' Virtually every country in the world
is experiencing growth in the number and proportion of older
persons in their population.

Aging may be accompanied with an accumulation
of diseases and impairments caused by physiological,
socioeconomic and psychological changes. Older adults are
more prone to nutritional deficiencies due to a combination of
factors’ such as aging, excessive polypharmacy, general
health decline, poor socioeconomic status, cognitive decline,
poor appetite, impaired efficacy of swallowing * and limited
eating ability.7-g Malnutrition is one of the important problems
in older adults. A previous study found that the prevalence of

malnutrition was 22.8%, with considerable differences

Received: Jul 28, 2022
Revised: Feb 18, 2023
Accepted: April 25, 2023

between settings with a prevalence of 50.5% in older adults
in geriatric rehabilitation, 38.7% in hospitalized elderly
patients, 13.8% in nursing home settings and 5.8% in
community settings. 10

The European Society of Clinical Nutrition and
Metabolism (ESPEN) recommended to use Mini Nutrition
Assessment (MNA) to assess nutritional status in older
adults.”" MNA items specifically address relevant features of
the aging population that allow for early detection of
malnutrition risk and enable assessors to take immediate
action. Therefore, performing the MNA as a screening test is
strongly recommended as the basis for nutritional evaluation
in older people.10

Periodontitis and poor oral hygiene are the causes

of tooth loss in older adults and affected eating behavior of
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** Department of Oral Medicine and Periodontology, Faculty of Dentistry Mahidol University, Bangkok.



https://www.google.com/search?sca_esv=559611812&sxsrf=AB5stBhJDxOaGDE_G_Wc84ZBDIwOitzoiQ:1692851580083&q=kansinee+%22chatkittikunwong%22&sa=X&ved=2ahUKEwjA_9nIu_SAAxXSSmwGHY0WBZ0Q5t4CegQIHxAB

L Khon Kaen Dent J ® Volume 26 ® Number 3 ® September — December 2023

older adults to choose more soft diet that is easily
masticated.” " Tooth mobility, number of tooth loss, number
of natural teeth, functional tooth units (FTUs) and chewing
ability are also associated with the quantity and quality of
food intake in older adults.""® Moreover, functional and
muscular impairments have an impact on the ability to
perform effective self-care in older adults. These changes in
older adults are significant effects in periodontal disease
progression.19 Therefore, aging has been suggested to
increase risk of periodontitis in older adults.” Furthermore,
many studies have found that periodontitis also has a negative
impact on nutritional status and quality of life in older
adults.”"™

In the pathogenesis pathways of periodontal
disease, the first cytokines of innate immune response are
tumor necrosis factor alpha (TNF-Q0), interleukin-1 beta (IL-
1B) and interleukin-6 (IL-6).”” Interferon gamma (IF-Y) is
presented at high levels in periodontal lesions and is
associated with progressive or severe form of periodontitis.28
The effects of aging on the immune system resulting in
processes of immunosenescence, immunoactivation and
inﬂammaging.29 In inflammaging, the increased of low-grade
chronic systemic pro-inflammatory cytokines such as IL-6
and TNF-Q can lead to sarcopenia and frailty in older adults.”

The association between periodontal disease and
systemic disease through inflammatory cytokines has been
reported. Periodontal disease and chronic kidney disease
(CKD) share several systemic pro-inflammatory comorbidities,
suggesting that chronic low-grade inflammation may play a
crucial role in linking these diseases and that perhaps
periodontitis is hidden comorbidity of CKD.”' Inflammatory
bowel disease (IBD) is a chronic inflammatory condition
involving the gut. Hence, IBD and periodontitis have distinct
characteristics, several aetiologies and pathogenesis are quite
similar. Inflammatory cytokines such as IFN-y, IL-6 and
TNF-O can be detected in both periodontal disease and IBD.”
Several studies found an association between CKD and IBD
with malnutrition.”™*

In CKD, protein-energy malnutrition

(PEM) and inflammation are common and usually concurrent

in maintenance hemodialysis patients, defined as “malnutrition-
inflammation complex syndrome” miIcs).”’

Periodontitis is associated with diabetes mellitus
(DM) in a bidirectional relationship. Meta-analysis indicates
that elevated levels of inflammatory cytokines and
inflammatory marker such as IL-1B, IL-6, TNF-Q, C-reactive
protein (CRP) and low levels of adiponectin are strongly
associated with type 2 DM.” Aging is associated both with a
progressive decline in glucose tolerance and coincidentally
with increasing prevalence of periodontitis.39 A longitudinal
study in Japan found a negative correlation of vegetable
intake and a positive correlation of carbohydrate and sugar
intake with periodontal disease events.” In 2017, a literature
review found that gingival bleeding and destructive periodontal
disease are sensitive markers of both abnormalities in
macronutrient content (excessive carbohydrates or poly-
unsaturated fat intake, deficient protein intake) and micronutrient
intake (e.g. vitamin C and B12)." Thus, inflammation and
dietary intake in the elderly can lead to malnutrition in
patients with DM and periodontitis.

Collectively, we conclude that there is a link
between periodontal disease and malnutrition via many
pathways i.e., tooth loss and decrease in chewing ability,
chronic inflammatory diseases such as type 2 DM, CKD, IBD
and inflammaging from aging. However, the relationship
between periodontal disease and malnutrition in older adults
is still not clear and needs further study. The aim of this study
was to determine the association between periodontal disease
and malnutrition status in older adults. The factor(s) which
are related to malnutrition in older adults with periodontal

disease were also investigated.

Materials and Methods

Population

Prior to the study, sample size was calculated with
substitution of the proportions of malnutrition participants
with healthy gingiva/gingivitis (p, = 0.32) and periodontitis
(p,= 0.68) from a previous study.42 At a 2-sided type I error
probability of 0.05 and, 90% power of detection, a sample

size at least 39 participants per group was required.
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The study was approved by the Institutional Review
Board of Faculty of Dentistry and Faculty of Pharmacy,
Mahidol University, Bangkok, Thailand for ethical aspects
(MU-DT/PY-IRB 2019/DT087). Informed consent forms were
obtained from all participants who decided to enroll in the study.
This cross-sectional study was performed at Maha Chakri
Sirindhorn Dental Hospital, Golden Jubilee Medical Center and
Periodontology and Oral Medicine Clinic, Faculty of Dentistry,
Mahidol University, Thailand during January 2020 — February
2021. The inclusion criteria were 1) aged > 60 years old, 2) not
received periodontal treatment within the previous 6 months, 3)
able to read Thai and express verbal communication, 4)
functional independent older adults (score >12 points from
Barthel Index for Activities of Daily Living),”* 5) cognitively
functional independent older adults (score >23 points from
Thai Mental State Examination).45 Participants with a
completely edentulous area or required antibiotic prophylaxis
for dental examination were excluded from this study. A total
82 participants were included in this study.

Examiner calibration

An intra-examiner calibration process for probing
pocket depth (PPD) and clinical attachment level (CAL)
measurements was conducted. Ten randomly selected
volunteer patients were examined twice at an interval of 1
week. The intraclass correlation coefficients for the intra-
examiner reproducibility were 0.76-0.92 for PPD and 0.83-
0.93 for CAL.

Questionnaire Survey

The questionnaire was completed through an
interview with a trained interviewer.

1. Sociodemographic and health behavior

characteristics
The questionnaire was used to collect
sociodemographic and health behavioral information

including age, gender, nationality, marital status, education,

working status, income, smoking status, and alcohol

consumption. Medical history of chronic diseases which were
diagnosed by physicians and regular medication which had side

effects as loss of appetite (metformin, metronidazole,

amphotericin B, formoterol fumarate, tiopium and hydralazine
hydrochloride) 47 were also recorded during the interview.

2. Anthropometric measurements

Body mass index (BMI) was calculated as the ratio
of weight in kilograms to the square of height in meters
(kg/m’). Obesity was defined as individuals with body mass
index 30 kg/m” and over.”

3. Nutritional status assessment

The MNA was used for nutritional status
assessment of older adults. It comprises 18 items and the
score is calculated using an assigned weighted number for
each item. Possible scores range from 0 to 30. Scores >24
were classified as having a normal nutritional status, scores
from 17 to 23.5 were classified as at risk of malnutrition, and
scores <17 were classified as malnutrition.”

4. Masticatory ability assessment

Self-rated chewing ability was assessed by using 12
Thai foods that ranged from easy to difficult to chew: 1) rice
porridge 2) well-cooked rice 3) noodles 4) steamed glutinous
rice 5) green corn 6) papaya in papaya salad 7) fried meat
balls 8) grilled meat/ pork 9) fried chicken 10) pah taung goh
(a kind of Chinese flour with sweet meat) 11) grilled dry
cuttlefish and 12) an ice cube. The interviewer showed
photographs of food items and asked the participants which
food they were able to chew. The maximum score of the
chewing ability test was 12. Participants were divided into 2
groups; the poor chewing ability group scored 0-7 and the
good chewing ability group scored 8-12."

Data collection

Periodontal status, number of teeth and functional
tooth units (FTUs) were also recorded by the calibrated
researcher.

Periodontal parameters including mean probing
pocket depth (PPD), mean clinical attachment level (CAL),
bleeding on probing (BOP), and gingival index (GI) in all
present teeth except third molar were collected. Plaque Index

(PI) was assessed from six surfaces of selected four posterior

and two anterior teeth except the third molar.
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PPD and CAL were assessed using a standard
periodontal probe (PCPUNC 15, Hu-Friedy' ", IL, USA).
PPD and CAL were recorded at 6 sites around each tooth
(mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, mid-
lingual and disto-lingual) and the mean of PPD and CAL were
calculated for each participant.

For BOP assessment, a standard periodontal probe
was used for gentle probing of six sites around each tooth.
Thirty to sixty seconds later, the presence or absence of
bleeding upon probing was recorded before the percentage of
bleeding sites was calculated.™

Gl was measured by assessing the gingival
inflammation in the mesial, distal, buccal and lingual regions
of each tooth except the third molar. Based on the degree of
inflammation, each site was allocated a score from 0 to 3 as
follows: 0 = normal gingiva, 1 = mild gingival inflammation,
2 = moderate gingival inflammation and 3 = severe gingival
inflammation.”’ The mean GI for each participant was also
calculated.

The simplified oral hygiene index was used to
record the PI, an explorer was passed along the tooth surface
to test for the presence of plaque. Four different scores were
possible. A zero score indicated no plaque or stains present;
1 indicated soft plaque covering not more than one third of
the examined tooth surface or the presence of extrinsic stains
without plaque regardless of surface area covered; 2
represented soft plaque covering more than one third but not
more than two thirds of the exposed tooth surface; 3
represented soft plaque covering more than two thirds of the
exposed tooth surface.”

The presence of 4 or more teeth with 1 or more sites
with PPD >4 mm and with clinical attachment loss > 3 mm
at the same site was diagnosed as periodontitis.53

The number of teeth present in each participant
were recorded.”® FTUs were defined as pairs of upper and
lower opposing natural teeth (i.e., sound, restored, and
functional carious teeth) or artificial teeth on fixed and
removable prostheses. FTUs that involved two opposing
anterior or premolar teeth were defined as one FTU, and those

with two opposing molars were defined as two FTUs.”

Statistical Analysis

The questionnaire scores were summarized in each
part for each individual. The complete data was managed into
a prepared database for analysis. Prevalence of nutritional
status in each periodontal disease group was calculated to
percent. Relative prevalence of periodontal disease between
nutritional status group were computed. Descriptive analysis
was carried out for each variable. Mean, standard deviation
and frequency distribution were calculated for variables
which were normally distributed. Median, P, and P., were
calculated for variables which were not normally distributed.
Chi-squared tests were performed to compare categorical
variables such as gender, income, periodontal disease,
hyperlipidemia and other systemic diseases which were not
indicated in questionnaire with nutritional status. Fisher’s
exact tests were performed to compare categorical variables
where there were fewer than five cases in the given cell such as
marital status, education, work status, smoking status, alcohol
consumption, Anterior functional tooth units (A-FTUs), chewing
ability, systemic disease, regular medication related with loss
of appetite. ~ Two-sample z-test were used to compare
continuous variables such as age, mean BMI with nutritional
status.  Mann-Whitney U tests were used to compare
continuous variables followed the non-parametric distribution
such as periodontal parameters, number of natural teeth,
number of artificial teeth, posterior functional tooth units (P-
FTUs), total functional tooth units (T-FTUs), and median
chewing ability score with nutritional status. The level of
significance was considered at p<0.05. Statistical analyses were

performed using a statistical software package for the Social

Sciences 18.0 (SPSS 18.0, SPSS Inc. Chicago, IL, USA).

Results

Eighty-two participants (36 males and 46 females)
were recruited in this study. Although the MNA divides
nutritional status into 3 groups according to the score levels,
in this study we had no participants in the malnutrition group
therefore only 2 nutritional status groups were present as 1)
normal nutrition (n=68, 82.9%) and 2) at risk of malnutrition
(n=14, 17.1%) (Table 2). As shown in Table 1, the mean ages
of participants in the normal nutrition group and the at risk of

malnutrition group were 66.7+5.5 years and 69.1+£5.2 years,
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respectively. The number of females was numerically higher
than males in both groups (p=0.063). A statistically significant
difference in nutritional status was found according to
education levels (p=0.009), with the difference observed
between relationship each level of education, i.e., primary
school vs secondary school (p=0.006) and primary school vs
higher education (p=0.033) (data not reported in the table). In

addition, the BMI of participants in the normal nutrition

Table 1

malnutrition group.

_ Normal (n=68) At risk of malnutrition (n=14) -

Age (years)" 66.7+5.5
Gender
Male 33 (48.5)
Female 35(51.5)
Marital status
Single 6(8.8)
Marriage 55(80.9)
Divorce, Widow 7(10.3)
Education
Primary school 2(2.9)
Secondary school 19 (27.9)
Higher education 47 (69.2)
Work
Yes 15 (22.1)
No 53(77.9)
Income (THB/month)
<23,700 36 (52.9)
> 23,700 32 (47.1)
Smoking
Non-smoker 50 (73.5)
Former-smoker 17 (25.0)
Smoker 1(1.5)
Alcohol consumption
No 44 (64.7)
< 1 time/month 15 (22.1)
> | time/month 9(13.2)
BMI' 23728
“Mean = SD bTwo-saunple t-test ‘ Pearson Chi-square
THB (Thai Baht) BMI (Body Mass Index)
Table 2

group was significantly higher than in the at risk of
malnutrition group (p=0.006).

As shown in Table 2, fourteen participants (17.1%) had
nutritional status in the at risk of malnutrition group. Six
participants (14.6%) in the at risk of malnutrition group had healthy
gingiva/gingivitis and § participants (19.5%) had periodontitis. A
significant association between periodontal disease and risk of

malnutrition was not found in this study (p=0.557).

Comparison of socio-demographic, health behaviour and anthropometric characteristics between normal nutrition group and at risk of

69.1+5.2 0.140"
3(214) 0.063°
11 (78.6)
2(14.3) 0.097"
8 (57.1)
4(28.6)
4(28.6) 0.009°
4(28.6)
6 (42.8)
1(7.1) 0.283°
13 (92.9)
7 (50.0) 0.841°
7 (50.0)
12 (85.8) 0.157"
1(7.1)
1(7.1)
10 (71.5) 1.000"
3(21.4)
1(7.1)
213433 0.006"

¢ Fisher’s exact test

Comparison of periodontal disease between normal nutrition group and at risk of malnutrition group.

At risk of malnutrition

Normal
n (%)
Healthy gingiva/Gingivitis 35(85.4)
Periodontitis 33 (80.5)
Overall 68 (82.9)

a .
Pearson Chi-square

n (%)
6(14.6)
8 (19.5)

14 (17.1)

0.557"
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In the at risk of malnutrition group, the prevalence of
participants with healthy gingiva/gingivitis was 42.9% and
with periodontitis was 57.1% as shown in Table 3. The relative
prevalence of periodontitis between the at risk of malnutrition
and the normal nutrition groups was 1.17 and the relative
prevalence of healthy gingiva/gingivitis between the at risk of
malnutrition and the normal nutrition groups was 0.83.

PI, GI, BOP, mean PD and mean CAL in the at risk
of malnutrition group were higher than in the normal nutrition
group but the differences between the groups in this study
were not statistically significant (p>0.05) as show in Table 4.

The number of natural teeth present in normal
nutrition group was higher than in the at risk of malnutrition
group [23 (20, 26) vs 21.5 (19.8, 25.3)]. On the other hand,
the number of artificial teeth was higher in the at risk of
malnutrition group than in the normal nutrition group [5 (1.8,
11) vs 4 (1, 7.8)], but the difference between groups was not
statistically significant for both these parameters (p>0.05).

FTUs in the normal nutrition group was not
significantly different from the at risk of malnutrition group

(p>0.05). Most of the participants in the normal nutrition group

Table 3

® September — December 2023

and the at risk of malnutrition group had 6 A-FTUs (n=61;
89.7% and n=11; 78.6% respectively). Median of P-FTUs and
T-FTUs were also similar in both groups, no significant
differences were found (p>0.05) as show in Table 5.

All participants in both nutritional status groups had
good chewing ability (score 8-12). While the median chewing
ability in the normal nutrition group was higher than in the at
risk of malnutrition group [12.0 (11.3, 12.0) vs 11.5 (11.0,
12.0)], the difference was not statistically significant (p=0.095).

As shown in Table 6, this study found that almost all
the participants (n=72, 87.8%) had systemic diseases. Of the
participants in the at risk of malnutrition group, 100 % had
systemic diseases. When comparing the incidence of each
disease between the two groups, this study revealed that the
percentage of participants with insomnia and osteoarthritis in
the at risk of malnutrition group were significantly higher than
in the normal nutrition group (p=0.003 and p=0.042
respectively). It was noticeable that the percentage of
participants with depression in the at risk of malnutrition group

was higher than in the normal nutrition group (14.3% vs 1.5%)

but this difference was not statistically significant (p=0.074).

Comparison of prevalence of periodontal disease between normal nutrition group and at risk of malnutrition group.

Nutritional status

Disease Normal (n=68) At risk of malnutrition (n= 14) Relative prevalence
Healthy gingiva/Gingivitis (n=41) 51.5% 42.9 % 0.833
Periodontitis (n=41) 48.5 % 571 % 1.177
Table 4 Comparison of periodontal parameters between normal nutrition group and at risk of malnutrition group.
Nutritional status: median (P, P,.)
Periodontal parameters Normal (n=68) At risk of malnutrition (n=14) pvalue®
Plaque index (PI) 1.00 (1.00,1.38) 1.33(1.00,1.69) 0.210
Gingival index (GI) 0.60 (0.42,0.89) 0.67 (0.43,0.92) 0.702
Bleeding on probing (BOP) 22.67 (12.71,44.21) 27.92 (17.45,45.21) 0.441
Mean PD 2.27(2.14,2.50) 2.34(2.16,2.60) 0.438
Mean CAL 2.61(2.13,3.17) 2.99(2.07,3.62) 0.546

* Mann-Whitney U test
Mean PD (Mean probing depth)
Mean CAL (Mean clinical attachment level
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Table 5 Comparison of numbers of teeth, functional tooth units and chewing ability between normal nutrition group and at risk of malnutrition group.

_ Normal (n=68) At risk of malnutrition (n=14) -

Total natural teeth”
Total artificial teeth”
A-FTUs
3
4
5
6
P-FTUs'
T-FTUs'
Chewing ability"
8
9
10
11
12
*Median (P,,, P,,)
’ Mann-Whitney U test
¢ Fisher’s exact test

Table 6 Comparison of systemic diseases between normal nutritional group and at risk of malnutrition group.

_ Normal (n=68) At risk of malnutrition (n=14) -

Systemic diseases
No
Yes
Diabetes mellitus
Hypertension
Hyperlipidemia
Heart disease
Depression
Stress
Insomnia
Osteoarthritis
Migraine
Dyspepsia
Back pain
Lung disease
Kidney disease
Cancer
Dementia
Others

23 (20,26)
4(1,7.8)

2(2.9)

2(2.9)

3(4.4)

61 (89.7)

10 (8,12)

16 (14,18)

12.0 (11.3,12.0)

1(1.5)

2(2.9)

4(5.9)

10 (14.7)

51 (75.0)
A-FTUs (Anterior functional tooth units)
P-FTUs (Posterior functional tooth units)

T-FTUs (Total functional tooth units)

10 (14.7)
58 (85.3)
6 (8.8)
21 (30.9)
26 (38.2)
3(4.4)
1(1.5)
4(5.9)
3(44)
5(7.4)
1(1.5)
3(4.4)
2(2.9)

0

2(2.9)
3(4.4)

0
25(36.8)

*Fisher’s exact test ' Pearson Chi-square
* Statistically significant (p<0.05)
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21.5(19.8,25.3)
5(1.8,11)

0

1(7.1)
2(14.3)

11 (78.6)

10 (7.8,10)
15.5(13.8,16)
11.5(11.0,12.0)
0

0

2(1.43)
5(35.7)

7 (50.0)

0

14 (100)
2(14.3)
6(42.9)
4(28.6)
0
2(14.3)
2(14.3)
5(35.7)
4(28.6)
0

0

0

0
2(14.3)
0
1(7.1)
5(35.7)

0.512"
0.355"

0.255°

0.283"
0.347°
0.095°
0.198°

0.198"

0.619"
0.533"
0.494°
1.000"
0.074"
0.271°
0.003"*
0.042"*
1.000°
1.000"
1.000"
0.133"
1.000"
0.171"
0.941°
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The use of regular medication which had side
effects with loss of appetite was compared between the
normal nutrition group and the at risk of malnutrition group.
Eight participants in total took regular medication which had
side effects with loss of appetite. Although the percentage of
participants in the at risk of malnutrition group taking these
medications was higher than in the normal nutrition group
(14.3%: 8.8%), the difference between the groups was not
statistically significant (p>0.05).

Comparison of incidence of depression, insomnia
and osteoarthritis between periodontal health status groups in
the at risk of malnutrition group is shown in Table 7. In the
periodontitis group, the percentages of subjects with
depression (25%) and insomnia (37.5%) were higher than in
the healthy gingiva/gingivitis group, but not significantly
different (p>0.05). Interestingly, the incidence of participants
in the periodontitis group with osteoarthritis (50%) was more
markedly greater than in the healthy gingiva/gingivitis group
(0%) but even in this case the difference was not significantly

different (p=0.085).

Table 7 Comparison of depression, insomnia and osteoarthritis
between healthy gingiva/gingivitis group and periodontitis

group in at risk of malnutrition group.

Periodontal status: n (%)

Variables Healthy gingiva/ Periodontitis p-value
Gingivitis (n=6) (n=8)
Depression 0 2 (25.0) 0.473
Insomnia 2 (33.3) 3(37.5) 1.000
Osteoarthritis 0 4(50.0) 0.085

Fisher’s exact test

Discussion

In the study population of 82 independently living
elderly people (41 with periodontitis and 41 with gingival
health or gingivitis), there was no prevalence of malnutrition
(0%) and a low prevalence of at risk of malnutrition (17.1%),
determined by the MNA score.” While there was a slightly
higher prevalence of periodontitis in participants at risk of
malnutrition (57.1%) compared to those with normal

nutritional status (48.5%), this study did not find a statistically

significant association between nutrition status and
periodontal disease.

This study was designed based on the results
obtained by Badawi et al,¥ who reported a significant
association between poor diet and periodontal disease. The
results from this study were different from the Badawi study
because of differences in the assessment tools used to detect
malnutrition and differences in the study populations. This
study used the MNA, which is designed to detect malnutrition
risk by assessing body measurements, several questions
related to general health, living arrangements and dietary
intake. The Badawi study used the Healthy Eating Index
(HEI), which is focused on dietary intake and measurement
of diet quality. The MNA and HEI measure different things,
which could lead to differences in study outcomes about the
incidence of periodontal disease according to nutritional
status between this study and Badawi’s study. About the
study populations, Badawi's study was carried out in a
systematic random sample of healthy adults aged between
18-70, whereas this study was carried out only in elderly.

Periodontitis increases in extent and severity across
a large proportion of the human population with aging.29 The
results from this study found that PI, GI, BOP, mean PD and
mean CAL in the at risk of malnutrition group were higher
than in the normal nutrition group, but the differences were
not statistically significant. These findings are similar to the
study reported by Akin et al” They studied the CPI
(Community Periodontal Index) in 295 non-edentulous
patients and reported that they could not find any difference
in CPI scores between the malnutrition/malnutrition risk and
normal nutritional groups.

The findings from this study were not consistent
with Mesas et al., who found advanced periodontitis is related
to nutritional deficit in non-institutionalized older adults in
Brazil.” In Mesas’s study, 56 from-152 participants (36.8%)
had advanced periodontitis. ~ The criteria for advanced
periodontitis in the Brazilian study was PPD >6 mm which is
more severe periodontitis than in the current study (the

presence of 4 or more teeth with 1 or more sites with PPD >4

mm and with clinical attachment loss >3 mm at the same site).
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Therefore, the periodontal disease in Mesas’s study may have
more progression than in this study. When comparing the
number of natural teeth between studies, this study had older
adults with >20 teeth 77.94% in the normal nutrition group
and 78.57% in the at risk of malnutrition group, which were
higher percentages than in Mesas’s study (16.7% in normal
nutrition group and 15.5% in nutritional deficit group). The
number of older adults in the nutritional deficit group in
Mesas’s study was higher than this study (21.7% vs 17.1%).
These features of Mesas’s study may have made it more likely
to identify relationships and significant factors related to
nutritional status between nutrition status and periodontitis
than this study.

Knowledge from previous studies showed that older
individuals exhibit increased susceptibilities to several
autoimmune, infectious and inflammatory diseases, including
periodontitis.” Periodontitis was a risk factor for future tooth
loss among older adults.”™ The loss of periodontal supporting
structures had negative effects on masticatory performance
and quality of life.”” In this study, the number of natural
teeth, FTUs and chewing ability in the normal nutrition group
was higher than in the at risk of malnutrition group although
the difference was not statistically significant. Other studies
have reported that dental status, number of tooth loss, number
of natural teeth, functional tooth units (FTUs) and chewing
A

ability were associated with nutritional deficiencies.'*"*

previous study in Thailand reported that participants with
malnutrition had significantly lower numbers of teeth, less
functional tooth units and decreased chewing ability than
those with normal nutrition ."* Gil-Montoya et al also found
that the perception of oral health status was significantly
worse in the group with malnutrition/risk of malnutrition than
in the group with normal nutrition.” Another study in 569
home-dwelling older adults concluded that older adults with
fewer teeth or fewer pairs of natural teeth, especially posterior
teeth, presented poorer nutritional status.”  Another
systematic review with meta-analysis reported significantly
higher number of teeth present, number of pairs of teeth and

FTUs in the normal nutrition group than in the risk of

malnutrition/malnutrition group.62

Within the at risk of malnutrition group, the number
of participants with periodontitis was higher than the number
with healthy gingiva/gingivitis, although no significant
difference was found. This may imply that older adults with
periodontitis tend to be at risk of malnutrition. Thus,
providing adequate dental care and disease prevention for the
older population is important. Interdisciplinary and holistic
treatment is also necessary.

Masticatory function was assessed by chewing tests
and questionnaires or personal interviews. The chewing tests
allowed the assessment of masticatory efficiency with some
objectivity, whereas the questionnaires helped to evaluate a
person's subjective response about chewing ability.63 The test
food could be various natural foods or artificial foods such as
colour-changeable chewing gum which was a valid and
reliable method.” In 2011, Samneing et al. developed the
first reliable chewing ability questionnaire test."* Because
this self-rated chewing ability test uses simple Thai foods that
are commonly eaten in daily life and older adults find it easy
to understand by viewing photos of food, this questionnaire
was used for evaluating chewing ability in this study. The
problem found when using this questionnaire was that the
participants misunderstood the meaning of “do not eat”
versus “cannot chew”. Some participants answered the
questionnaire with “cannot chew” but they meant “do not eat”
so the interviewer had to explain the detail of the
questionnaire intensively.

The MNA, used as the nutritional assessment in this
study, was set up for simple and rapid evaluation of
nutritional status and validated to provide a single, rapid
assessment in elderly patients in clinics, hospitals and nursing

49,65
homes.

MNA is easily carried out by health professionals
to detect early risks of malnutrition.' Of the 82 participants
in this study, only 14 (17.1%) participants were in the at risk
of malnutrition group. Similar results were found in two
previous studies in community-dwelling German older
adults; the first reported 11% were at risk of malnutrition and
0% had malnutrition® and the second reported 15.1% at risk
of malnutrition and 0% had malnutrition.”” A prospective

study in home-living Swedish older adults found 14.5% were
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at risk of malnutrition at baseline.” All studies used MNA
for nutritional status assessment and reported results similar
to this study, although all studies were in different
populations. Therefore, MNA can be used for rapid screening
of nutritional status for the patients when malnutrition is
suspected.

Considering the MNA questionnaire responses
from the at risk of malnutrition group in this study, it was
found that all participants in periodontitis group had low-
moderate protein consumption and almost of them (87.5%)
did not consume dairy products every day. Dairy products
may represent a valuable dietary source of calcium due to
their high calcium and nutrient contents, high absorptive rate,
availability and relatively low cost.” As a result of aging,
muscle mass can reduce and lead to an imbalance of muscle
reinforcement and decomposition. Therefore the supplement
of dairy products has been postulated to prevent further loss
of lean mass, promote muscle accretion and enhanced
function.”  Furthermore, sugar and carbohydrate intake are
associated with increased risk of dental caries and gingival
bleeding.41 Periodontal diseases may belong to the sugar-
driven inflammatory diseases, similar to diabetes, obesity and
cardiovascular disease.”' High-sugar, high-saturated fat, low-
polyols, low-fiber and low-polyunsaturated fat intake causes
an increased risk of periodontal diseases. Conversely, low-
sugar, high-fiber and high-omega-6 to omega-3 fatty acid
ratio intake reduces the risk of periodontal diseases.”
Therefore, healthy food consumption may help to reduce
inflammation in periodontitis patients.

BMI is an index of weight-for-height that is
commonly used to classify people as underweight, normal
weight, overweight or obese.” In this study, the normal
nutrition group had significantly higher BMI (23.7+2.8
kg/m”) than the at risk of malnutrition group (21.3+3.3 kg/m’,
p=0.006). Bahat et al., reported that malnutrition and
malnutrition risk rates were higher in the lower BMI groups.74
Another study in geriatric outpatients also reported that
patients with malnutrition had a lower BMI than patients with

better nutritional status.’

This study showed that insomnia and osteoarthritis
were significantly higher in the risk of malnutrition group
than in the normal nutrition group. All participants with
osteoarthritis in the risk of malnutrition group had
periodontitis. The risk of malnutrition group also had higher
incidence of depression than the normal nutrition group.
Previous studies reported that the patients with malnutrition
had more depressive symptoms and significantly higher
incidence of osteoporosis than in normal nutrition group.6 A
study of 413 Turkish older adults found that malnutrition risk
showed positive correlation with the incidence of insomnia
and depression.75 Another study in 2,327 patients also
showed significant association between depression and poor
nutritional status; however, the result presented that there was
no significant association with osteoarthritis.”® A prospective
study in Sweden found that the most important findings
predicting risk of malnutrition were high age, low self-
perceived health and symptoms of depression.68 A study in
Korea found that severe periodontitis was positively and
significantly associated with osteoarthritis in middle-aged and
older adults with type 2 diabetes.” A study of 330 Thai
community-dwelling older adults using multivariate analysis
found that osteoarthritis is one of the factors significantly
associated with nutritional risk (OR:2.49, 95% CI=1.14-5.48)."

Osteoarthritis is the most common degenerative
joint disorder and the leading cause of adult disability,
affecting one or several diarthrodial joints such as the hand,
knee and hip joints.79 Hand osteoarthritis is highly prevalent,
and individuals with this condition frequently report
symptoms of pain, functional limitations and frustration in
undertaking daily physical activities.” Impaired hand
function in older adults with this disease affected eating habit
via difficulty in holding eating utensils and putting food or
drink into the mouth. The quality and quantity of food intake
will therefore be decreased, leading to malnutrition risk. In
addition, the patient’s capability to maintain adequate oral
hygiene can be affected by reduced manual dexterity during
routine toothbrushing and flossing. The recommendations
for providing dental care to these patients include the use
of an electric toothbrush, floss with handle and frequent

dental appointment.81 Furthermore, both periodontitis and
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osteoarthritis are mediated by proinflammatory cytokines
such as IL-6 and TNF-Q with low-grade inflammation.
Therefore, these inflammatory cytokines could be the link
between periodontitis and malnutrition in older adults with
osteoarthritis.

This study and previous studies suggest an
association between insomnia, osteoarthritis and depression
with risk of malnutrition. Older adults with these symptoms
tend to have an association with periodontitis and
malnutrition but this is still not clear. Thus, we would keep
in mind that older adults with these symptoms may be at risk
of malnutrition and further study is needed to answer these
questions.

The digestive processes of food in the elderly are
changed in various aspects i.e., poor chewing of hard foods,
dry mouth, swallowing difficulty, lower gastric acid, decrease
of digestive enzymes, decrease of gut movement and change
in gut microbiota.”” The interplay between gut microbiota
and the host immune system appears highly relevant in the
elderly. Alterations in the gut microbial population and
changes in gut permeability may contribute directly to
chronic low-grade infection (LGI). Inflammatory cytokines
such as IL-1B, IL-6, T-helper 17-derived interleukin-17
(Th17-derived IL-17) and interleukin-22 (IL-22) are more
specific and associated with the gut microbiota.” Thus, IL-
1B and IL-6 could be the specific inflammatory cytokines that
link between gut dysbiosis and periodontitis.

CKD, IBD and DM have all been linked to the
association between periodontitis and malnutrition in the
elderly via inflammatory processes. In this study, older adults
with IBD could not participate and few older adults with CKD
and DM participated in the study population. Only two
participants with CKD and 2 participants with DM were in
the risk of malnutrition group. A significant association
between periodontitis and malnutrition in older adults with
these diseases could not be found. In future, malnutrition in
older adults with periodontitis and these chronic
inflammatory diseases via inflammatory cytokines and
dietary intake should be the subject of further investigation.

A limitation of this study was a lack of diversity of

participants. Sixty four percent of participants had a higher

education than secondary school thus the participants in this
study had a good basic knowledge in health education which
might have contributed to their high nutritional status. More
participants may have been included in the malnutrition group
if more participants with varied education level had been
included in the study. In addition, this study was carried out
in academic dental centres which are situated in city,
therefore most of the participants had easy access to health
information. Therefore, the results from participants in this
study were representative of the population due to low
diversity of educational level of participants. In addition,
these results could not apply to participants in rural areas due
to the differences in educational level and the chance to
access the health information from the urban population.

In this study, a significant association between
periodontitis and malnutrition in older adults could not be
found and the significant factors which related to malnutrition
in older adults with periodontitis could not be identified from
this study. The high percentage of participants with normal
nutritional status (82.9 %) made it more difficult for the study
to detect an effect of nutritional status with high statistical
confidence.

Further studies are needed for understanding these
relationships in greater detail. A multi-centre study would
allow a larger sample size and broader subject population. A
controlled study with selection of “malnutrition” patients for
comparison with a “normal” control group would increase the
probability of significant outcomes compared to the cross-
sectional design used in the current study. Assessment of
nutrition status could be further investigated to identify the
Malnutrition should be

The Barthel Index for

best measure of malnutrition.

included in the inclusion criteria.
Activities of Daily Living (ADL) and Thai Mental State
Examination (TMSE) should not be used for inclusion criteria
because they may tend to exclude the malnutrition group
before participating in the research. These kinds of question
are included in the MNA assessment. The impact of mental
health on nutrition status should be considered in designing

data collection and analysis.
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Conclusion

In conclusion, the significant association between
periodontitis and malnutrition in older adults was not found
in this study. BMI was significantly higher in the normal
nutrition group than in the at risk of malnutrition group.
Although the number of natural teeth, FTUs, and chewing
ability were higher in the normal nutrition group than in the
at risk of malnutrition group, the differences were not
significant. The periodontal parameters and the number of
artificial teeth were lower in the normal nutrition group than
in the at risk of malnutrition group; however, these
differences were also not significant. Insomnia and
osteoarthritis were significantly higher in the at risk of
malnutrition group than in the normal nutrition group. The at
risk of malnutrition group had a higher incidence of
depression than the normal nutrition group, but this difference
was also not significant.
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Figure 1  The furcation perforation model
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Figure 2  Radiographic images after furcation perforation repaired

(A) White ProRoot MTA (B) Biodentine (C) Retro MTA
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Figure 3  Push-out bond strength test by using universal testing machine
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Mean dislodgement resistance (MPa)

1033 | | 9.69 15.74 T42 6.73 13.24

Without blood contemination With blood contamination

[] White ProPoot MTA  [] RetroMTA Biodentine

* TANuuanaNAueg NNNedIAYNNaDa (p<0.05)
* Statistically significant difference (p<0.05)
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Figure 4  Bar chart shows the means push-out bond strength classified by

presence or absence of blood contamination
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Figure 5  Bar chart shows the means push-out bond strength classified by

types of material
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Figure 6  Failure patterns (A) Mixed failure (B) Cohesive failure
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Table 1

Mean and standard deviations of push-out bond strength (MPa)
for White ProRoot MTA, Retro MTA, and Biodentine with and

without blood contamination

Without blood With blood

contamination contamination
White ProRoot MTA 1033 £2.17™ 742+ 1.09™
RetroMTA 9.69+1.87™ 6.73+1.08"
Biodentine 15.74 £2.49 ™ 1324192

Snusdrinu Inafiseiulunedulierunaasdanimanaiaiy
agnlipddyneand lasmsinngianuulslsiuaam (p<o.05)
SousdmuianfiaaiuluuerRertuaasdedianuuaneiuediad
Woddameada Taemsinseianunlslsmaesm (p<0.05)

Different superscript uppercase letters indicate intracolumn significant
difference by two-way ANOVA (p<0.05).

Different superscript lowercase letters indicate intrarow significant difference
by two-way ANOVA (p<0.05).
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Effect of Blood Contamination on
Dislodgment Resistance of Three Calcium
Silicate Cements In Furcation Perforation
Models

Clawvuthinan A* Piyachon C** Dumrongvute K**

Abstract

The objective of this study is to compare the dislodgement resistance of three calcium silicate cements in the presence and absence
of blood contamination. The study was performed on 48 human permanent molar teeth by creating a furcation perforation in the center of the
pulpal floor with a diameter of 1.3 mm and a depth of 2 mm. The samples were randomly divided into two groups: the blood-contaminated and
the uncontaminated groups. Each group was divided into three subgroups according to the type of material tested: White ProRoot MTA,
Biodentine, and Retro MTA. Each subgroup included eight samples. In the blood-contaminated group, the walls of the perforated area were
contaminated with blood before being filled with material, while the uncontaminated group was rinsed with saline. The samples were kept in
an incubator at 37° C with 100% relative humidity for seven days before testing. The push-out bond strength was determined with a universal
testing machine. Data were analyzed using two-way ANOVA and post-hoc Sidak test (p<0.05). A failure pattern was examined using a dental
operating microscope at 25x magnification. The results showed that the dislodgement resistance of Biodentine, in the presence and absence of
blood contamination, was significantly higher than White ProRoot MTA and Retro MTA. White ProRoot MTA and Retro MTA showed no
significant difference in terms of dislodgement resistance. In the presence of blood contamination, the dislodgement resistance of three materials
was significantly lower compared to the absence of blood contamination. Most failure patterns were mixed failures (89.58%). This study
concluded that blood contamination reduced the dislodgement resistance of three calcium silicate cements. Biodentine had higher dislodgement
resistance than White ProRoot MTA and Retro MTA.

Keywords: Blood contamination/ Dislodgement resistance/ White ProRoot MTA/ Biodentine/ Retro MTA
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Accuracy Assessment of a Three-Dimensional
Virtual Soft Tissue Simulation System in Predicting
Surgery Outcome for Class III Patients

Laokuldilok T* Pisek P** Limmonthol S*** Pisek A**** Rattanaphan P***

Abstract

Current orthodontic theory and practice are primarily based on improving facial esthetic appearance. Patients with exaggerated soft
tissue features originating from severe skeletal discrepancies are appropriate candidates for surgical-orthodontic treatment. Three-dimensional
simulation of soft tissue changes prior to actual operation is available as a prediction method to estimate possible treatment outcomes, although
the accuracy of such methods remains ambiguous. The objective of this study was to assess the accuracy of virtual soft tissue simulation performed
using a 3D system. Fifieen patients with skeletal class III relationship were included in the study. Pre-surgical records (CBCT, model scan, 3D
face) were gathered within 1 month before surgery in order to set up the simulation model (T,). Three months after surgery, post-surgical records
(CBCT, 3D face) were collected to create the actual model (T,). Distances and angular variables were measured on both models, and the differences
between T, and T, were then analyzed. The results showed statistically significant differences (P<0.05) in terms of frontonasal angle, nose length,
nasolabial angle, upper alar width, lip-chin-throat angle, lower lip length, soft tissue chin thickness, and throat length. The ability of Dolphin 3D
software to simulate soft tissue features in class IlI surgery cases differed depending on the area of the face. Highly accurate areas were midface,
upper lip, lower lip, and the lower part of the nose. Soft tissue chin thickness was found to be moderately accurate. However, simulations of the
upper part of the nose should be considered with caution. The most inaccurate simulations were of the nasolabial angle, lip-chin-throat angle, and
throat length.

Keywords: Dolphin 3D sofiware/ Soft tissue simulation/ Orthognathic surgery
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Introduction

Current orthodontic theory and practice is primarily
based on improving facial esthetic appearance. Patients with
exaggerated soft tissue features originating from severe
skeletal discrepancies are appropriate candidates for surgical-
orthodontic ~ treatment.'” However, one limitation of
orthognathic surgery is that soft tissue cannot be directly
controlled. Surgeons are only able to move hard tissue. Soft
tissue subsequently modifies itself following skeletal
movement.’ Soft tissue response is represented by movement
of various bony landmarks rather than one skeletal reference
point." Therefore, predicting soft tissue profiles remains a

challenge for orthodontists and surgeons.

Conventional methods for estimating treatment
outcomes have evolved since the 1970s to estimate soft tissue
change using specialized equipment combined with
clinician’s experience.” Previous methods were sensitive to
error due to head positioning and geometric errors related to
overlapping of the facial structures affecting landmark
identification.” In 1985, Wolford et al. introduced the surgical
treatment objective (STO), which involved manipulation of
hard and soft tissue prediction ratios integrated with template
methods used in different types of surgical procedures.7
Development of computerized and three-dimensional
software has since helped to overcome drawbacks of previous

methods.
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3D simulation is performed by integrating digital
data with the aid of computer software. The latest fusion
method to be used is the voxel-based superimposition,
introduced by Cevidanes et al.® Dolphin 3D software
(Dolphin Imaging and Management Solutions Chatsworth,
Calif) has become the most commonly used software.’
Applying 3D facial soft tissue has become a new technique in
virtual simulation. Three-dimensional simulation of soft
tissue change is available as a prediction method to estimate
possible treatment results prior to actual operation, although
the accuracy of the system remains obscure. The objective of
this study was to assess the accuracy of virtual soft tissue
simulation by Dolphin 3D Software in cases of skeletal class
IIT patients who undergone orthodontic treatment with two-

jaw orthognathic surgery.

Materials and Methods

This study was carried out under the Division of
Orthodontics, Department of Preventive Dentistry in

partnership with the Department of Oral and Maxillofacial

Surgery, Faculty of Dentistry, Khon Kaen University,
Thailand. The study population consisted of patients with
skeletal class III relationship participating in surgical-
orthodontic treatment and scheduled for double-jaw surgery
between June 2020 and January 2021. Patients over 18 years
of age and categorized under ASA Physical Status Class |
were included in the study. Exclusion criteria eliminated
patients categorized under ASA Physical Status Class II or
higher, patients with craniofacial anomaly, intraoperative
complications limiting surgical plan transfer, or postoperative
complications affecting wound healing, those requiring
additional intraoperative surgical procedures, and those
having a history of physical trauma in the head or neck region
or skeletal relapse from previous orthognathic surgery. The
sample size was calculated according to precedent set by a
2017 study by Resnick et al. on the accuracy of 3D soft tissue
prediction following LeFort I osteotomy.lo It was determined
that for the present study, 12 subjects would be required,
anticipating a 20% drop-out rate. (Figure 1)

1 month before surgery

CAD/CAM method

® Skeletal movement
® Soft tissue prediction

Pre-surgical record Virtual simulation

® CBCT
® Digital model scan
® Soft tissuc image

® 3D surgical splint
® 2 -splint technique
® Maxillary first

Simulation model (Ty)

Surgical plan transfer

Lincar & angular
measurements

® CBCT
® Soft tissue image

( =)

Post-surgical record Soft tissue measurement Statistical analysis
® Midface
® Nose
® Upperlip
® Lowerlip
® Chin

Actual model (Tz)
Paired t-test
Wilcoxon’s signed rank test

3 months after surgery

Figure 1 Overall workflow used in 3D protocol
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Pre-surgical record: A set of 3D data was
collected after completion of the pre-surgical orthodontic
phase in order to carry out virtual planning using 3D software.
The orthognathic triad consisted of skeletal, dental, and soft
tissue components.” Data on skeletal structures were
captured using CBCT (WhiteFox®, Ateon group, Merignac,
France), digital arch models were scanned using a 3shape E2
scanner (3shape, Copenhagen, Denmark), and extraoral soft
tissue features were scanned using a Bellus 3D Dental Pro
application (Bellus 3D Inc, Campbell, CA), compatible with
the TrueDepth camera embedded in an TPhone 11 Pro (Apple
Inc, Cupertino, Calif). This step of the process was completed
within 1 month prior to surgery.

Virtual simulation: Full 3D features were merged
together in Dolphin 3D software (Dolphin Imaging and
Management Solutions, Chatsworth, Calif). A surgical
simulation was performed for each subject, and soft tissue
modification was subsequently simulated after skeletal
movement. The simulation model is referred to as T .

Surgical plan transfer: The virtual plan was
transferred to the subject using maxillary first- and two-splint
techniques with CAD/CAM surgical splint, which was

designed within the software.

Post-surgical record: Three months after surgery,
skeletal and soft tissue components were gathered using
methods identical to those used in collecting pre-surgical
records. Post-operative data were merged in Dolphin 3D
software, and the actual model (T,) was created.

Soft tissue measurement: External reference
planes (Figure 2), including the coronal plane, horizontal
plane, and midsagittal plane, were located on the stable
structures of the 3D models (Table 1). The planes were
perpendicular to each other and not altered by surgery.12
Sixteen linear and five angular variables at midface, nose,
upper lip, lower lip, and chin were measured twice on both T,
and T, by the same observer. Localization of soft tissue
landmarks was done by the researcher and the software
automatically measured the variable. Soft tissue landmarks
and measurements are reported in Tables 2 and 3. Figure 2
shows the 3D analysis carried out by this study.

Statistical analysis: The differences of the
measurements between T, and T, were analyzed using IBM
SPSS statistics (Statistical Package for Social Sciences)
version 20. Data distribution was evaluated using the Shapiro-
Wilk test, and statistically significant values were determined
using the parametric dependent paired t-test and the non-
parametric Wilcoxon signed-rank test. A P-value of less than

0.05 was considered statistically significant.

Figure 2 (A-C) 3D analysis. HP = Horizontal plane, CP = Coronal plane, MSP = Midsagittal plane.
1) Midface depth, 2) Frontonasal angle, 3) Nasolabial angle, 4) Nose length, 5) Columella length, 6) Upper alar width, 7) Outer alar
width, 8) A—A’ width, 9) Upper lip length, 10) Upper lip thickness, 11) Mentolabial angle, 12) B-B’ width, 13) Lower lip length, 14)
Lower lip thickness, 15) Soft tissue chin thickness, 16) Lip chin throat angle, 17) Throat length, 18) V angle, 19) V line distance
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Table 1 External reference planes

Reference plane Definition
Midsagittal plane (MSP) A line drawn between G’ and the philtrum
Horizontal plane (HP) A line drawn between the most inferior point of each eyeball
Coronal plane (CP) A vertical line passing through the most anterior point of the eyeball and perpendicular to the HP

Table 2 Soft tissue landmarks

Soft tissue landmark Definition
G’ (Soft tissue glabella) The most anterior point of the superior orbital ridge
Ze (Zygomatic eminence) The most anterior point of the convexity of the cheek
N’ (Soft tissue nasion) The deepest point of the concavity of the base of the nasal root at frontonasal suture
Cm (Columella point) The most anterior, superior point of the columella
Prn (Pronasale) The most anterior point of the nose
UALI (Upper alare) The upper part of the most lateral point of the external nose
LAI (Lower alare) The lower part of the most lateral point of the external nose at labial commissures
Sn (Subnasale) The junction between the lower border of the nose and the upper lip
A’ (Soft tissue point A) The deepest point of the concavity between the subnasale and the labrale superious
Ls (Labrale superious) The most anterior point of the upper membranous lip
Sts (Stomion superious) The most inferior point of the upper lip
Sti (Stomion inferious) The most superior point of the lower lip
Li (Labrale inferious) The most anterior point of the lower lip
B’ (Soft tissue point B) The deepest point of the concavity between the labrale inferious and soft tissue pogonion
Pog’ (Soft tissue pogonion) The most anterior point of the soft-tissue chin
Soft tissue menton (Me”) The most inferior point of the soft-tissue chin
C (Cervical point) The junction between the chin and neck
Go’ (Soft tissue gonion) The most lateral point on the soft-tissue contour of each mandibular angle

Table 3  Soft tissue measurements

Measurement Reference points Definition
Midface
Midface depth Ze - CP Distance between right / left Ze and CP
Nose
Frontonasal angle G’ -N’-Pm Angle formed by the intersection of G” and Prn at N’
Nasolabial angle Cm-Sn-Ls Angle formed by the intersection of Cm and Ls at Sn
Nose length N’ - Prn Distance from N’ to Prn
Columella length Prn - Sn Distance from Prn to Sn
Upper alar width UAl right - UAI left Width of upper part of the most lateral point of external nose
Lower alar width LAl right - LAl left Width of lower part of the most lateral point of external nose
Upper lip
A to A’ width A-A’ Distance from A to A’
Upper lip length Sn - Sts Distance from Sn to Sts
Upper lip thickness Isi-Ls Distance from Isi to Ls
Lower lip
B to B’ width B-B’ Distance from B to B’
Lower lip length Sti - Me’ Distance between Sti and Me’
Lower lip thickness Ii-Li Distance from incisal edge of lower central incisors to Li
Chin
Chin thickness Pog - Pog’ Distance from Pog to Pog’
Mentolabial angle Li-ILS - Pog’ Angle formed by the intersection of Li and Pog’ at inferior labial sulcus
Lip-chin-throat angle Li-Pog’/Me’ -C Angle formed by the line drawn from Li to Pog’, tangent to the line drawn from Me’ to C
V angle (soft tissue) Go’- Me’ - Go’ Angle formed by the intersection of Go’ and Me’ on either side
V line distance Me’ - Go’ Distance from Me’ to Go’ on each side

Throat length Me’ -C Distance from Me’ to C
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Results

This study was performed on 15 subjects, including
7 males (46.7%) and 8 females (53.3%). The age range prior
to surgery was 18 to 37 years. The mean age of the subjects
was 24.69. All subjects were diagnosed as skeletal class III.
Bimaxillary surgery, including LeFort I osteotomy and
bilateral sagittal split ramus osteotomy, was performed on
every subject to advance the maxilla and achieve mandible
setback. General characteristics and surgical details are
presented in Table 4.

The examiner appraisement of the validity of

landmark identification and variable measurements was done

by allegorizing with the expert. 10% of the sample size were
randomized. Measurements of all angular and linear value
were done by both the examiner and the expert. The intra-
examiner assessment of the repeatability of anatomical
landmarks localization and variable measurements were done
in every subject from the sample group. The measurement of
all variables was done twice by single reviewer. The validity
and repeatability assessment were done by using intraclass
correlation coefficient. The results of ICC values were 0.92-
1.00 which represented a high validity and reliability of the

measurements.

Table 4  General characteristics and surgical correction performed on each subject

Subject Gender Age
1 Female 18
2 Female 22
3 Female 22
4 Female 22
5 Male 23
6 Male 27
7 Female 20
8 Female 26
9 Female 37

10 Male 19
11 Female 23
12 Male 22
13 Male 30
14 Male 27
15 Male 25

Maxillary surgery Mandibular surgery

Advance 1.5 mm Setback 3.5 mm
Impact 1 mm
Advance 1.5 mm Setback 4 mm
Impact 1 mm
Advance 4.5 mm Setback 5.5 mm
Impact 2 mm
Advance 2 mm Setback 9.5 mm
Impact 2 mm
Advance 3 mm Setback 7 mm
Impact 4 mm
Advance 2.5 mm Setback 8 mm
Impact 2 mm
Advance 3 mm Setback 6 mm
Impact 1 mm
Advance 2 mm Setback 1.5 mm
Impact 2 mm
Advance 2 mm Setback 6 mm

Down 0.5 mm

Advance 5 mm
Impact 4 mm

Advance 4 mm

Advance 3 mm
Impact 1 mm
Advance 2.5 mm
Down 1.5 mm
Advance 3 mm
Impact 2 mm
Advance 4.5 mm

Impact 1 mm

Setback 11 mm

Setback 4.5 mm

Setback 12 mm

Setback 13 mm

Setback 10.5 mm

Setback 10.5 mm
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Findings from the statistical analyses are presented
in Tables 5 and 6. The midface analysis showed no
statistically significant differences between T, and T, for
midface depth on either side; however, there were statistically
significant differences in the nose area. The nasal analysis
showed no statistically significant differences between T, and
T, for columella length or lower alar width. On the other hand,
statistically significant differences were found for nose length
(P=0.01) and upper alar width (P=0.00). The upper lip
analysis found no statistically significant differences for any
of the measurements, whether upper lip length, upper lip
thickness, or point A to soft tissue point A.

The lower lip analysis revealed no statistically

significant differences between T, and T, in terms of lower

® September — December 2023

lip thickness or point B to soft tissue point B, whereas a
marginal significance was found in terms of lower lip length.
Soft tissue chin measurements exhibited no statistically
significant differences between T, and T, for V angle or V
line distance on either side. Differences in soft tissue chin
thickness were found to be marginally significant with an
average mean difference of 0.75 mm. Regarding throat
length, statistically significant differences were found with a
P=0.00.

This study measured linear and angular variables.
Most of the differences in angular measurements of T, and T,
were shown to be statistically significant, including the
frontonasal angle (P=0.02), the nasolabial angle (P=0.00),
and the lip-chin-throat angle (P=0.00).

Table 5 Differences between T1 and T2 revealing accuracy of middle face soft tissue simulation

Measurement T, T,
(mm, degree) Mean+SD Mean+SD
Midface
Midface depth (Right) 7.83+£2.73 6.5542.65
Midface depth (Left) 7.01£2.30 6.08+2.66
Nose
Frontonasal angle 139.90+6.91 138.27+£7.90
Nasolabial angle 92.95+10.20 110.61£6.95
Nose length 41.87+3.64 40.4443.03
Upper alar width 39.74+3.99 42.1243.51
Columella length 9.29+1.57 9.39+1.45
Lower alar width 31.734£3.50 31.13+4.27
Upper lip
A to A’ width 14.08+2.90 14.1242.26
Upper lip length 20.46+2.50 20.59+2.61
Upper lip thickness 17.45+3.02 16.98+1.82

T,-T, 95% CI

P-val
Mean difference+SD Lower Upper value
-1.2842.82 -2.78 0.22 0.09
-0.93+2.67 -2.35 0.49 0.18
-1.63+2.73 -3.08 -0.17 0.02*
17.66+10.08 12.29 23.03 0.00*
-1.43+1.67 -2.32 -0.54 0.01*
2.39+2.36 1.13 3.64 0.00%*
0.10£1.05 -0.46 0.66 0.71
-0.61+3.14 -2.28 1.06 0.91
0.04+1.84 -0.94 1.02 0.93
0.13+1.18 -0.50 0.76 0.67
-0.47+1.97 -1.5 0.58 0.5

*Statistically significant at P<0.05. Differences tested using Paired T-test and Wilcoxon signed-rank test. T, = Simulation model, T, = Actual model

Table 6 Differences between T1 and T2 revealing accuracy of lower face soft tissue simulation
Measurement T, T, T,-T, 95% CI P-value
(mm, degree) Mean+SD Mean+SD Mean difference+SD Lower Upper
Lower lip
B to B’ width 12.06+1.59 12.60+1.24 0.54+1.29 -0.15 1.23 0.12
Lower lip length 43.72+3.51 43.03+4.26 -0.69+1.14 -1.30 -0.08 0.04*
Lower lip thickness 16.25+2.86 16.16+2.48 -0.10+2.06 -1.19 1.00 0.60
Chin
Soft tissue chin thickness 11.81+0.50 12.56+2.47 0.75+1.34 0.04 1.46 0.04*
Mentolabial angle 131.97+15.75 139.56+10.94 7.58+15.98 -0.93 16.10 0.08
V angle (soft tissue) 117.05+4.15 116.37+4.58 -0.67+1.52 -1.49 0.14 0.10
V line distance (Right) 66.83+5.57 66.31+5.48 -0.52+1.77 -1.46 0.42 0.70
V line distance (Left) 66.49+5.90 65.50+5.27 -0.99+1.26 -1.66 -0.32 0.42
Lip chin throat angle 102.95+15.21 121.17+10.40 18.22+14.06 10.73 25.71 0.00%*
Throat length 34.70+10.21 46.56+8.73 11.87+10.74 6.15 17.59 0.00%*

*Statistically significant at P<0.05. Differences tested using Paired T-test and Wilcoxon signed-rank test. T, = Simulation model, T, = Actual model
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Discussion

This study aims to investigate the accuracy of
prediction method performed in Dolphin 3D Software. The
objective of virtual soft tissue simulation is to approximate
post-operative soft tissue changes.13 Patients’ perceptions and
satisfaction can be influenced by their soft tissue profile.
While predicting final treatment outcomes is challenging,
doing so accurately prevents patients from expecting too
much.” In this study, CBCT scans were used to represent
skeletal components. Skeletal movement during surgery
plays an important role in altering soft tissue features. 3D
simulation facilitates visualization of each treatment plan and
evaluation of surgical effects upon soft tissue, including
limitations of the treatment." In our study, external reference
planes used in 3D analysis were based on soft tissue
structures. Various previous studies have used extraoral soft
tissue images obtained from CBCT, but these were said to be
untextured and unrealistic.'”"’ Therefore, additional facial
scans merged with other components are crucial to
performing accurate virtual simulation.

Maxillary advancement and impaction with
mandibular setback were performed in all subjects. Moving
maxillary downward was done in 2 subjects. According to
Sun et al. the most problematic direction was vertical plane.
** The accuracy of the vertical movement did not depend on
digital splint. Therefore, the surgical procedure and surgeon’s
intraoperative decision played an important role to skeletal
movement on vertical plane, which could affect soft tissue
changes.18 However, surgical operations were done by
surgeons with more than 10 years of experience. Regarding
to the operation notes of each subject, surgeons completed the
surgery without any complications, and no different surgical
procedures were observed. Moreover, orthodontic diagnosis
was done under the same analysis, and pre-surgical
orthodontic preparation was performed in all of the cases
under the same principle.

In 2007, Kau et al. revealed that postoperative
swelling reduced substantially within the following months

after orthognathic surgery.19 Approximately 60% of the

swelling reduced after 1 month for both single and double jaw
surgery, and facial morphology recovered to more than 83%
within 3 months. Finally, soft tissue completely healed within
6 months. In our study, 3D facial soft tissue was scanned 3
months after surgery because greatest improvement of soft
tissue healing was occurred, and to avoid soft tissue changes

altered by post-surgical orthodontic tooth movement.

According to Bushchang et al. in 2005, soft tissue
changes tend to differ according to ethnici'[y.20 They also
mentioned that soft tissue alteration as a result of surgical
procedures vary across ethnic groups. Skeletal class III
relationship prevalence has been shown to be highest among
Asian populations.” Esthetic impairment in patients is
primarily identified to be a result of skeletal class III
malocclusion due to mandibular protrusion and midface
deficiency. Among the different skeletal relationships, class
III leads to the highest need for orthognathic surgery.zz'23
Therefore, this study specifically included skeletal class I1I

patients to evaluate soft tissue features after mandibular

setback and maxillary advancement.

According to Han and Lee, differences of soft tissue
change larger than 2 mm affect the predicted profile and the
patient’s perceptions.4 Hsu and Zhang et al. also found that
different greater than 4 degrees would be considered
clinically significant.”** This indicates that prediction
differences of linear measurement between 0-2 mm, and
angular measurement between 0-4 degrees are clinically
acceptable. Given this, prediction of nose length, lower lip
length, soft tissue chin thickness, and frontonasal angle in the
present study were found to be clinically acceptable, as their
mean differences were less than 2 mm and 4 degrees
accordingly.

Previous findings on the accuracy of virtual
simulation prediction of soft tissue changes have varied.
Nadmni et al. (2013) concluded that the chin region was
predicted inaccurately in their study,” a finding consistent
with our research, in which throat length and lip-chin-throat
angle were found to be inaccurate. Throat length simulation

was regularly shorter than the actual length. The mean
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difference between predicted and actual throat length was
approximately 18 mm, which was extremely high, indicating
severe distortion of the simulation model. Prediction of soft
tissue chin thickness versus actual thickness was shown to
have marginally significant differences, but the mean
difference was just 0.75 mm, having only minimal effects on
the predicted profile’s accuracy. However, transverse
analysis of soft tissue in the chin, including V angle and V
line distances, were simulated more precisely with mean
differences of less than 1 degree and 1 mm, respectively.
Meanwhile, in 2016, Peterman et al. found that the most
inaccurate area was the lower lip. This is not in line with our
study.'4 Although our statistical analysis showed marginally
significant differences (p=0.04) between simulated and actual
lower lip length, the difference of only 0.69 mm was
clinically insignificant. A study by Resnick et al. reported
nasolabial angle as the area that was most inaccurately
predicted, which corresponded to our ﬁndings.10 Nasolabial
angle was consistently simulated to be more acute than the
actual outcome. Recently in 2019, Elshebiny et al. discovered
that upper lip and subalar area were estimated inaccurately. 7
Their results differed from ours. Upper lip measurements
were found to be extremely accurate with a mean difference
between simulated and actual distance of less than 0.5 mm.
Nadmni et al., Peterman et al., and Resnick et al. studied about
skeletal class III surgery in Caucasian population, whereas
Elshebiny evaluate orthognathic surgery in skeletal class III
Egyptian. Regarding the variance in the studies mentioned
above, differences in race or ethnicity of the subjects could be
one explanation. Another possibility is differences in the
quality of soft tissue images used in each study. Surface soft
tissue images from CBCT are untextured and less accurate.
As concluded by Han and Lee, horizontal soft tissue
changes were more predictable relative to those in other
directions.” The present study also found that most of the
inaccurate variables were angular measurements taken in the
vertical direction, including frontonasal angle, nasolabial
angle, mentolabial angle, and lip-chin-throat angle. The mean
differences of nasolabial and lip-chin-throat angle in

particular were 17.5 and 18 degrees, respectively, causing soft

tissue simulation to deviate significantly from actual soft
tissue features. Linear measurements were revealed to be
more accurate than angular measurements.

Facial soft tissue was classified into 5 categories:
midface, nose, upper lip, lower lip, and chin. Midface analysis
on both sides showed accurate simulation by the software,
while analysis of the nose revealed less accurate prediction.
Simulation of the upper nose (supra columella area) -
including the frontonasal angle, nose length, and upper alar
width - did not conform well with actual outcomes, whereas
simulation of the lower nose (sub columella area) - columella
length and lower alar width - were more correctly predicted.
Upper lip measurements, including upper lip length, upper lip
thickness, and A to A’ width, were extremely accurate. Lower
lip analysis, including lower lip thickness and B to B’ width,
was accurate, while lower lip length showed differences that
were marginally significant. However, the mean difference
was less than 1 mm, small enough not to affect clinical
practice. Finally, every measurement of the chin region, apart
from throat length, was shown to be accurately predicted. The
capacity for Dolphin 3D software to predict surgical
outcomes is summarized and shown in Figure 3. The high-
accuracy areas consisted of the midface, lower nose, upper
lip, and lower lip. Soft-tissue chin thickness was found to be
moderately accurate. However, prediction for the upper part
of the nose was found to be unacceptable.

When using virtual simulation methods, clinicians
should be reminded that prediction is only an estimation for
which precision cannot be guaranteed. Virtual mandibular
setback is generally demonstrated to predict significantly
shorter throat length than that which occurs in reality. It is
possible for orthodontists and surgeons to plan for adjunctive
genioplasty. However, throat length shown in the software is
unreliable, and chin augmentation is not an appropriate
procedure for this situation. On the other hand, in maxillary
advancement procedures, simulation appears to present more
acute nasolabial angles than actually result. This may lead to
the surgeon deciding to reduce the amount of advancement of
the maxilla to prevent excessive reduction of nasolabial angle.

To avoid decisions based on inaccurate information, it is
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crucial for orthodontists and surgeons to know the accuracy
and limitations of software used in predicting post-surgery
soft tissue features. The limitations of this study were limit
number of sample size, and also patients with craniofacial

anomalies were not included. Study of different skeletal

relationships, such as skeletal class I or skeletal class II, and
different surgical procedures could be performed in further
study. Although various 3D software packages are available,

conventional clinical examinations should also be taken into

account.

Figure 3 Color mapping of software’s prediction capacity (A) Frontal view (B) Lateral view
Green mapping: High-accuracy area (80% non-significance of linear measurements, both statistically and clinically)

Blue mapping:
Grey mapping:

Red line: Unpredictable angulation

Conclusion

The potential for Dolphin 3D software to accurately
simulate soft tissue features in class III surgery cases can be
summarized as follows:

® [Linear measurements are more accurate than
angular measurements.

® The accuracy of virtual systems when
simulating soft tissue is different for each area of the face.

® (Capacity for accurate 3D simulation can be
classified into 3 levels:

O Highly accurate: Midface, Upper lip, Lower
lip, Lower part of the nose (sub columella area)

O Moderately accurate: Soft tissue chin thickness

O Poorly accurate: Upper part of the nose

(supra columella area)

Moderate-accuracy area (50-80% non-significance of linear measurements, both statistically and clinically)
Poor-accuracy area (<50% non-significance of linear measurements, both statistically and clinically)

® The most inaccurate simulations created by the
software were those representing the nasolabial angle,
mentolabial angle, lip-chin-throat angle, and throat length.
These simulations should be considered unacceptable for

clinical practice.
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The Efficacy of The Coloring Agents from Black
Glutinous Rice on Dental Biofilm Staining

Chantasiriphan A* Tedcharoen C* Nongpiwong N* Suwannaat S* Worapamorn W**

Abstract

The use of disclosing agents is recommended to identify the degree and location of dental biofilm which will facilitate oral hygiene
practice and contribute to oral disease prevention. To search for an alternative disclosing agent with good staining ability and biocompatibility
from natural products, this study aimed to investigate the efficacy of coloring agents made from black glutinous rice (BGR) on dental biofilm
staining. BGR solution was prepared by boiling rice in water and frozen dry to get the dark purple powder, which was later mixed with water at
ratio 1:2 before application. The crossover clinical trial was conducted in 36 volunteers who were classified into 3 groups (n=12/group) according
to their ages (18-26, 27-46, and 47-66 years old). Within the same age, the volunteers were randomly divided into 2 subgroups to apply either with
erythrosine dye (ED) or BGR solution. After a 2-week washout period, the volunteers switched to apply another coloring agent. The stained dental
biofilm was recorded 4 sites/tooth as staining, not staining or could not identify, by the examiner and the volunteers. The results showed that BGR
solution specifically stained dental biofilm in dark purple colour, it did not stain adjacent gingival or oral tissues as well as tooth-colored
restorations. The volunteers could see and completely detect the stained teeth within 15 minutes before color started gradually fading. Kappa
coefficients demonstrated the interrater reliability between the examiner and the volunteers from ED and BGR solution were 0.34 and 0. 30,
respectively. This indicated the same interval of agreement of both disclosing agents. There was no statistically significant difference between both
agents among different aged groups. The analysis of tooth surfaces and tooth locations demonstrated the significant difference between both agents
on the mesial surface and lower posterior teeth, respectively (Paired t-test; p<0.05). In conclusion, the coloring agents from BGR can stain dental
biofilm with desirable properties. Its efficacy is marginally less than ED but it has some superior features regarding being natural, safe, and specific
staining. In the form of powder, it is convenient for households to promote oral hygiene care.

Keywords: Black glutinous rice/ Dental biofilm staining/ Disclosing agent/ Erythrosine
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Introduction

Dental plaque, the initiating cause of dental caries
and periodontitis, typically develops in an ordered sequence
of events on the tooth surface resulting in a structurally- and
functionally-organized biofilm of diverse microbial
community embedded in a matrix of polymers of host and
microbial origin.' After bacterial apposition on the salivary
glycoprotein-coded tooth surface, reversible and irreversible
adhesion occur by weak, long-range physicochemical
interactions and strong, short-range interactions between
specific molecules on the bacterial cell surface and
complementary receptors in the pellicle, respectively."”
Subsequently, co-adhesion of later colonizers to already attached
early colonizers leads to micro-colony formation and
multiplication of the attached micro-organisms. Many oral

bacteria produce self-synthesized extracellular polysaccharides

result in the formation of a complex extracellular matrix and
an increase in the diversity of the biofilm.”’ The extracellular
polymeric substances that form the matrix comprise of
carbohydrates, proteins, nucleic acids, and cell wall polymers,
such as peptidoglycans and lipids.3 At this stage, dental
plaque biofilm tenaciously adheres on tooth surfaces and is
impracticable to be removed by rinsing or gargling.
Mechanical methods such as scaling and root planing, proper
tooth brushing and interdental cleansing are highly effective
ways to eliminate dental biofilm.*’

Since dental biofilm is transparent, colorless, and not
easily visible, the use of disclosing agents is recommended to
identify the degree and location of dental plaque which
facilitates oral hygiene practice and contributes to oral disease

prevention.  Historical milestones of disclosing solutions

* Dental Student, School of Dentistry, Mae Fah Luang University, Amphur Muang, Chiang Rai.

** School of Dentistry, Mae Fah Luang University, Amphur Muang, Chiang Rai.
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used in dentistry has been started from iodine, brilliant green,
crystal violet, Bismarck brown, gentian violet, erythrosine
(Red No. 3), fluorescent dyes, two-tone, and three-tone dyes.7
Currently, the most popularly used disclosing agent in dental
practice is erythrosine dye (ED) due to easy using and its red
intensity making good contrast with the tooth surface.
However, ED has some disadvantages of unpleasant taste,
non-discriminatory staining of the gingival tissues, and is
difficult to remove from gingival tissues and oral surfaces.
There were also previous studies reported the toxicity of ED
such as causing central nervous system depression and
thyroid cancer in rats after long term taking.9 The recent study
has reported the highly cytotoxic of dental disclosing agent
containing erythrosine on gingival epithelial cells.” Though,
the actual risk is extremely small, the FDA (U.S. Food and
Drug Administration) banned some uses of the color additive
Red No. 3 since 1990, according to the studies have shown that
in very high doses it causes cancer in laboratory animals."'
The use of natural dyes can reduce the risk of harm
to the body and organ functions. There have been previous
studies searching to use plant pigments as alternative
disclosing agents such as yellow pigments from turmeric,
red—purple pigments from red dragon fruit peel,]}14 red-
fleshed Pitaya15 and Gardenia blue." However, there are still
some weaknesses and obstacles in using these natural color
products. Turmeric which contains curcumin pigments has
been reported less effective to be used as disclosing agent due
to its inconspicuous color and easily dissolved.”” Red dragon
fruit peels which contains anthocyanin pigments in rose-
colored did not effectively detect plaque exist on the teeth
because of liquid dye dissolved in the water rinse and not
attached to the plaque.13 Red-fleshed Pitaya exhibited dental
plaque staining ability which presented as deep red—purple
with stable appearance in a broad pH range, however, the
study was conducted in vifro and the stain was assessed by a
spec‘rrophotome‘[er.15 In the study aimed to compare eight
natural pigments, Gardenia blue showed the highest effective
plaque pigmentation with the lowest cytotoxicity; however,
further analysis of the persistence of coloration and color
contrast between gingival tissue and stained plaque is

. 11
required.

Black glutinous rice (Oryza sativa linn; BGR), the
common local produce in the north and northeast of Thailand,
is of interest in the search for an alternative dental disclosing
agent with good staining ability and biocompatibility from
natural dyes.(”7 The bran color of BGR is dark purple due to
the coloring pigments called anthocyanins.16 Anthocyanins
are one of the largest and most important group of water-
soluble pigments that belong to the flavonoid group.17 It can
stain on carbohydrate substances, therefore, is expected to
stain dental biofilm. Dental biofilm has the ability to retain a
large number of dye substances because of the polarity
difference between the components of the plaque and dyes.
The particles are bound to the surface by electrostatic
interaction (proteins) and hydrogen bonds (polysaccharides)."”
The main objective of this present study was to elucidate the
potential use of the coloring agents from BGR on dental
biofilm staining. As disclosing agents are rarely used in the
household, most people lack a visual aid to promote self-
detecting dental biofilm to evaluate their effective oral
hygiene practice, the other objective of this study, therefore,
aimed to develop the product in the form that is convenient to

be used in the household.

Materials and Methods

Preparation of black glutinous rice solution

Black glutinous rice was harvested during the early
winter season in Chiang Rai, Thailand. The extraction of
coloring agents was prepared by boiling 1 kilogram of rice in
1 L of water for 10 minutes with constant stirring. The water
obtained from the boiled rice was filtered with filter cloth, and
frozen dry with a shell freezer to get the dark purple powder.
One gram of powder was weighed and put in a zip lock plastic
bag and kept in an amber bottle at room temperature without
light exposure until use. Before applying, the BGR powder was
mixed with water at ratio 1:2 (1 g of powder to 2 ml of water).

Study protocol

This study was approved by Mae Fah Luang
University Research and Ethical Committee (EC 20233-22).

The crossover clinical trial was conducted in 36
healthy volunteers, age 18-66, who were patients of School of

Dentistry, Mae Fah Luang University. The volunteers were
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classified into 3 groups (n=12/group) according to their age
(18-26, 27-46, and 47-66 years old). The inclusion criteria
consisted of the presence of at least two anterior teeth per arch
and a posterior tooth per quadrant as well as the absence of
any oral appliances and history of allergy to any compositions
of ED and BGR solution. The exclusion criteria were the
persons who were colored-blindness, had hand skill
problems, illiterate and uncommunication. Within the same
age group, the volunteers were randomly divided into 2
subgroups (n=6) to apply with either ED or BGR solution.
After a 2-week washout period, the volunteers switched to
apply another coloring agent. Before starting the trial, the
volunteers had been described about the study, the solution
compositions and the detection of dental biofilm staining by
using intraoral photographic. The results were recorded as
staining, not staining or could not identify. The processes
have been repeated until the volunteers felt confident.

Disclosing agent application and evaluation

Before applying the solution, moisture control with
gauze and saliva suction was performed, then the disclosing
agent was applied twice on the teeth with cotton pellets. After
applying, the volunteers briefly spit out without rinsing the
water. The stained dental biofilm detection was evaluated, 4
sites/tooth (O' Leary's plaque index, 1972)," by the examiner
and the volunteer, respectively. The examiner evaluated the
dental biofilm staining of the volunteer in supine position
whereas the distance between the lamp and working area is
70 cm. and distance between examiner and working area is 30
cm. The volunteers evaluated their own stained teeth in an
upright position with the same distance of light setting. They
could use a mirror to detect the staining at a distance of 30
cm. After completing each clinical trial, the volunteers
responded to the satisfaction questionnaire.

Statistical analysis

The interrater reliability between an examiner and
the volunteers of the stained dental biofilm detection was
reported as Cohen's kappa coefficient (K). The significant
differences of percent agreement in each factor (age, tooth
surface, tooth location) between both disclosing agents were
determined by the Paired t—test using SPSS windows version

20.0. The satisfaction of using both disclosing agents was

evaluated by Wilcoxon signed ranks test. The statistically

significant difference was considered if p-value was <0.05.

Results

Thirty-six volunteers completed the clinical trials of
using two disclosing agents. Both ED and BGR solutions
exhibited dental biofilm staining. The dental biofilm stained
by BGR solution was detected in dark purple color which was
different from ED that was detected in red color (Figure 1).
The BGR solution specifically stained dental biofilm
deposited on the teeth, it did not stain adjacent gingival or
other oral tissues as well as tooth-colored restorations. After
BGR applied, the volunteers could see and completely detect
the stained teeth within 15 minutes before color started

gradually fading and dissolving with water.

Erythrosine Dye

Black glutinous rice

Figure 1 The dental biofilm stained by erythrosine dye and black
glutinous rice solution

The results of the stained dental biofilm detection
from each disclosing agent between the examiner and the
volunteers were compared using Cohen's kappa coefficient in

which the report of “could not identify” data, either from the
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examiner or the volunteers, was excluded from the analysis.
The kappa coefficients demonstrated the interrater reliability
between the examiner and the volunteers of the stained dental
biofilm detection from ED and BGR solution were 0.34 and
0.30, respectively. According to kappa statistics comparing
between the two groups of raters, both disclosing agents were
at the same interval of agreement of “Fair” (Table 1).

The factors affecting the stained dental biofilm
detection were conducted including age, tooth surfaces and
tooth locations. Within each disclosing agent, the percent
agreement between the examiner and the volunteers showed
the trend of better interrater reliability in order of age i.e.
young adults » adults » elderly. There was no statistically
significant difference when compared percent agreement of
the stained dental biofilm detection between both disclosing
agents in each aged group (Paired t-test, p>0.05) (Table 2).

The analysis of tooth surfaces, which recorded 4

sites/tooth, showed no statistically significant difference of

Table 1

percent agreement of the stained dental biofilm detection
between both disclosing agents except on the mesial surface
(Paired t-test, p<0.05) (Table 3).

The analysis of tooth locations, which were divided
into six sextants, showed no statistically significant difference
of percent agreement of the stained dental biofilm detection
between both disclosing agents in all tooth locations except
in the lower right and left posterior teeth (Paired t-test,
p<0.05) (Table 4).

Satisfaction of the studied disclosing agents

The results of the questionnaire demonstrated that
the volunteers significantly satisfied with the color aspect of
ED (Wilcoxon Signed Ranks test, p<0.05). While the similar
pattern of satisfaction for both disclosing agents was shown
in the other aspects conducted including scent, flavor, and
viscosity (Figure 2). It seemed to show higher overall
satisfaction with ED than BGR; however, there was no

statistically significant difference.

The interval of agreement of kappa coefficient (Landis and koch, 1977)]9

<0.00
0.00 - 0.20
0.21-0.40
0.41 - 0.60
0.61 - 0.80
0.81-1.00

Table 2
different aged groups (Paired t — test)

Poor
Slight

Fair
Moderate
Substantial

Almost perfect

Comparison of percent agreement of the stained dental biofilm detection between erythrosine dye and black glutinous rice solution in the

Young adults (18-26 years-old) 76.35
Adults (27-46 years-old) 66.93
Elderly (47-66 years-old) 61.04

66.82 1.77 0.10
57.75 1.61 0.14
52.51 1.61 0.14

Table 3 Comparison of percent agreement of the stained dental biofilm detection between erythrosine dye and black glutinous rice solution on

different tooth surfaces (Paired t — test, *p<0.05)

Mesial 84.8
Buccal 65.7
Distal 71.18

Lingual 51.82

73.34 2.62 0.01*
58.54 1.9 0.07
63.57 1.67 0.10
41.55 1.86 0.07
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Table4 Comparison of percent agreement of the stained dental biofilm detection between erythrosine dye and black glutinous rice solution in
different tooth locations (Paired t — test, *p<0.05)

PQI1 60.54 54.51 1.29 0.21
UA 60.22 53.49 1.9 0.07
PQ2 61.22 54.18 1.17 0.25
PQ3 73.78 60.82 243 0.02*
LA 75.93 70.12 1.76 0.09
PQ4 79.39 58.78 3.97 <0.05*

PQ1 = Upper right posterior teeth, UA = Upper anterior teeth,
PQ2 = Upper left posterior teeth, ~ PQ3 = Lower left posterior teeth,

LA = lower anterior teeth, PQ4 = Lower right posterior teeth

fhe comparison of satisfaction
between using ED and BGR solution
m BGR solution = Erythrosine

44.44 *

Very satisfied
v 61.11

Satisfied

1.Color

Neutral

Unsatisfied

Very satisfied

Satisfied

2.5cent

Neutral
Unsatisfied
Very satisfied

38.
Satisfied d1e?
36.11

Neutral

3.Flavor

Unsatisfied

Very satisfied

Satisfied

4 Viscosity

Neutral
Unsatisfied
‘O
66.67
Very satisfied
72.22
Satisfied

Neutral

5.0verall satisfaction

Figure 2 Satisfaction of using erythrosine dye and black glutinous rice solution on dental biofilm staining (Wilcoxon signed ranks test, *p<0.05)
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Discussion

The present study has achieved the aim of
developing an alternative disclosing agent from natural plant,
black glutinous rice, in the form of dehydrated dark purple
powder which to be mixed with water before application. In
detail, the BGR solution possessed desirable properties in
order to be useful as a dental biofilm disclosing agent. Firstly,
the dye easily penetrated dental biofilm deposits and could be
immediately visible to the user. Secondly, it was not stained
adjacent gingival or other oral tissues, as well as resin
composite filling. Thirdly, it provided a reasonable amount of
time for educating and practicing oral hygiene care before
fading. It was also easy to remove from the mouth by rinsing
after use. Lastly, it was harmless and non-toxic.

Anthocyanins, enormous pigments in BGR, provide
the red to blue colors which are related to their environmental
pH. In neutral pH, anthocyanins have a purple hue, appear as
red pigment in acidic condition (pH below 3), change to
bluish-purple with increasing pH, and to blue pigment in
alkaline conditions.””” In this study, the BGR stained dental
biofilm in bluish-purple color possibly due to the pH range in
the oral cavity that is, maintained near neutrality (6.7-7.3) and
does not fall below 6.3.” The intensity of BGR staining was
good enough to see but could not compare to the bright red of
the ED staining. After BGR applied, the volunteers could see
and completely detect the stained teeth within 15 minutes.
The volunteers started tooth brushing and it was noticed that
the BGR color gradually faded down but it was still able to
see. The results were in accordance with previous studies
regarding water-soluble properties of natural plant pigments
leading to color fade off after applying. In terms of the
duration of color intensity in the oral cavity when compared
with the synthetic chemical disclosing solutions, however,
natural dyes are still less efficient.

The results of the study showed that the kappa
coefficient between the examiner and the volunteers after
using ED or BGR solution was in the same interval of
agreement of “fair”. Since the goal of this study was not to
calibrate or enhance the interrater reliability between the
examiner who served as the gold standard and the volunteers,

this finding simply implies that regardless of disclosing agents

used, the volunteers had the same level of ability to detect the
stained dental biofilm. This suggests that in order to promote
the practice of oral hygiene, it is necessary to increase the
familiarity and proficiency of volunteers in using disclosing
agents through repeated training. Furthermore, appropriate
inspection tools and optimum light must also be available to
increase the ability of the stained dental biofilm detection.
Additionally, the percent agreement of ED stained detection
was significantly better than BGR solution at the mesial site
and lower posterior teeth, which in this point of view, the
mesial surface provides a good aspect to distinguish the color
intensity and ED provides better contrast while lower
posterior teeth are highly clearance areas from saliva and
BGR dissolves easier in water than ED. These findings have
to be kept in mind when using BGR solution to provide
patient education and practice oral hygiene care.

BGR powder is in the form that is convenient to use
in the household, however, according to the sensitivity to light
of anthocyanins, it should be kept in an amber container
which will help to extend the lifespan. We found that keeping
BGR powder in a zip lock plastic bag and an amber bottle at
room temperature without light exposure within 3 months, the
powder was still able to be used and it deteriorated after 6
months. It is also recommended to apply BGR solution
immediately after mixing a powder with water for decreasing
degradation by light exposure.24

This study shows that the BGR solution was
comparable to ED and could be used interchangeably,
supporting the use of natural dyes as disclosing agents to
facilitate oral hygiene care in some specific groups that
require special caution like children, the elderly and people
who have some systemic diseases. Within the limitations of
this study, there are some questions to be further investigated.
The source of BGR that was used in the study was only a
batch of cultivation in the north of Thailand, whether the
different places and times of cultivation would produce
different results. There may be other methods of anthocyanins
pigments extraction to make a pure disclosing agent with high
intensity and long-term stability, thus warranting further

investigations.
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Conclusion

The coloring agents from black glutinous rice can
stain dental biofilm with desirable properties. Its efficacy is
marginally less than erythrosine dye but it has some superior
features regarding being natural, safe, and specific staining.
In the form of powder, it is convenient for households to

promote oral hygiene care.
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Tooth Size Proportion in Patients with First
Four Premolars Extraction

Duangta A* Manosudprasit A** Chaichit R*** Manosudprasit A**

Abstract

Proper occlusal interdigitation, overjet, and overbite between the maxillary and the mandibular teeth in patients with extracted first four
premolars depend essentially on proper inter-arch tooth size ratio. The purpose of the study is to report the mathematical inter-arch tooth size ratio
and the size of each tooth in normal occlusion patients whom first four premolars were already extracted after orthodontic treatment. We strictly
selected dental models of patients with normal occlusion and had first four premolar extraction. The PAR index (peer assessment rating index) was
used to select dental models with good occlusion. Then, the selected models were evaluated for incisal inclination by cephalometric analysis
measurement. We also included models with normal upper and lower incisors inclined. The study was carried out on 38 patients with four extracted
first premolars with normal occlusion. The selected models were scanned and digitized with the virtual model software (3Shape Ortho System,
3Shape A/S, Copenhagen). We calculated mean of tooth size, mathematical inter-arch tooth size ratio. We found that the mean overall “10” ratio
and the mean anterior “6” ratio were 90.31+1.86% and 77.47+2.66%, respectively. Additionally, the tooth size mean values of upper central incisor,
upper lateral incisor, upper second premolar, upper first molar, lower second premolar and lower first molar were significantly different from
another similar study. We also found the variations in overall “10” ratio among the literatures. Also, we found a statistically significant difference
of overall “10” ratio between Bolton’s, Kayalioglu’s and our study. In conclusions, our study suggests that an overall ratio of 90.31+£1.86% is

practical in diagnosis and a treatment planning for patients with four extracted first premolars.

Keywords: Inter-arch tooth size ratio/ First four premolars extraction

Introduction

For an appropriate intercuspation, the teeth must
have an appropriate size, inclination and angulation. If the teeth
are disproportionate, an ideal occlusion cannot be achieved.
Bolton’s analysis is the most well-known method to calculate
the tooth size discrepancy. The Bolton’s analysis, including
overall and anterior ratio, have been accepted worldwide as an
important tool to aid the orthodontic treatment. The analysis
was defined as the proportion of sum of the mesiodistal widths
between the maxillary and mandibular teeth, except the second
and third molars. Bolton developed two ratios to identify the
tooth size discrepancy. The anterior ratio was made to compare
the tooth widths between the anterior mandibular teeth and the
anterior maxillary teeth. A statistically significant mean and
standard deviation were 77.2+0.22. The overall ratio was
determined by the proportion of the mesiodistal widths between
the mandibular teeth and the maxillary teeth, except the second

and third molars. A statistically significant mean and standard
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deviation were 91.3+0.26.' Many researchers reported that
there are statistically significant associations between the ratios
of the tooth size and ethnicity.z’jAs a result, several studies
established interarch tooth size ratio norms that were similar to
Bolton’s analysis for particular populations, such as Thai,
Iranian, Chinese, Turkish, Spanish, Indian and Trish.*”
Dechkunakorn et al. studied the tooth size and interarch tooth
ratio in 100 dental models (50 males, 50 females) of Thai
people who had Angle’s Class I occlusion. The criteria of
Dechkunakorn’s study were Angle’s class I occlusion, normal
overjet, normal overbite, crowding less than 1 mm, spacing less
than 1mm, normal tooth shape, no tooth material mesiodistally,
no caries, permanent dentition except third molars presented
and acceptable profile. The dental models were measured by an
electronic digital caliper. They reported the mean of each tooth
size, the mean overall ratio and the mean anterior ratio. The

mean overall ratio was 92. The mean anterior ratio was 78.53."
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** Division of Orthodontics, Department of Preventive Dentistry, Faculty of Dentistry, Khon Kaen University, Amphur Muang, Khon Kaen.
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Several studies found that clinically significant
tooth-size discrepancies could change reciprocally after
extractions. In 1962, Bolton presented the overall ratio was
between 87-89% after extracting four premolars.11 Moreover,
Saatci et al. and Varghese et al. found that the extraction of
first four premolars created the most severe tooth-size
discrepancy.”” Consequently, Bolton’s ratio may not be
appropriate in patients with first four premolars extraction.
Tooth size analysis after four first premolars extraction is
necessary for orthodontists to determine the treatment plan
before starting the actual treatment for patients who require
four first premolars extraction. Using cast models, we
established an interarch tooth size ratio in first four premolars
extracted Thai patients with normal occlusion. Since our
study is specific to Thai people, we hope our findings will
help orthodontists plan the treatment more appropriately in
Thai patients requiring first four premolars extraction, the
same way Bolton’s ratio has been utilized.

The purpose is to report the mathematical interarch
tooth size ratio and the size of each tooth in normal occlusion
patients who already have first four premolars extraction and

normal occlusion.

Materials and Methods

This investigation was designed as a descriptive
study to measure the interarch tooth size discrepancy on
‘normal’ occlusion patients whom first four premolars were
already extracted. The study was conducted from
posttreatment models of 58 subjects who had orthodontic
treatment and had first four premolars extracted at the
Department of Orthodontics, Khon Kaen University.

Sampling method

Post-treatment dental models of patients had first
four premolars extraction were collected by simple random
sampling technique.

Sample size calculation

The sample size was calculated based on the main
objective of the study. From pilot study reported that a

mathematical tooth-size ratio of first four premolars extraction,

the standard deviation value was 1.59 for overall “10” ratio.

N = sample size,
Zo = 1.96, B = 0.2, 0 = standard deviation

from the pilot study, e = allowable error

N= 70?2 o2
2
(§
N= 1.96°x1.59° =38.89
0.5

Inclusion Criteria
® Permanent dentition and all first molars presented
® Four first premolars extraction
® (Occlusion assess by PAR index

- Class I molar and canine relationship

- The buccal segment with good interdigitation

- Overbite 15-30 percent (overbite is a vertical
overlap between the incisal edge of maxillary central incisors
and the incisal edge of mandibular central incisors)

- Overjet 1.5-3 mm (overjet is a horizontal
distance between the labial surface at incisal edge of
maxillary central incisors and the labial surface of mandibular
central incisors)

- No tooth rotation or diastema in the dental arch

- Curve of Spee 0-2 mm

Exclusion Criteria
® Incomplete data including posttreatment model
and lateral cephalogram
® Teeth extraction other than the first premolar
® Obvious loss of tooth material mesiodistally from
caries, fractures, congenital defects
® [arge restoration/Crown
The first step was to determine an occlusion. All
posttreatment models were selected by the peer assessment
rating (PAR) index accordingly to Richmond et al." Each set
of plaster models was occluded in maximum intercuspation,
and a PAR ruler was used to define a value to each of the 5
components. There were upper anterior segment (UAS), right
and left buccal occlusion (RBO and LBO), overjet (OJ),
overbite (OB) and midline deviation (MID).
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The weighting of the American system was applied:
UAS times 1, RBO and LBO times 2, OJ and OB times 3, and
MID times 2."* A score from 1 to 9 indicates a good dental
relationship. All study models were scored by the same
investigator who would remeasure the study casts 2 weeks
later. The mean of 2 PAR score from 9 or less was included
in this study.

The second step was the determination of the skeletal
pattern and the dental inclination on posttreatment
cephalometric radiographs of the subjects from the first step.

Cephalometric radiograph was used to measure upper incisor

and lower incisor inclination. (Figure 1)

(1) Maxillary incisors (un:”
- Ul - SN (degrees) (Thai norm range: 107.01+6.13)
- Ul - NA (degrees) (Thai norm range: 21.58 +4.99)
(2) Mandibular incisors (L1):"
- L1 - MP (degrees) (Thai norm range: 97.26 +5.97)
- L1 -FH (FMIA) (degrees) (Thai norm range: 59.9 +5.86)
- L1 - NB (degrees) (Thai norm range: 30.22 + 5.55)
(3) Maxillary and mandibular incisors"
- Interincisal angle (Thai norm range: 124.36+7.56)
All cephalometric radiographs were remeasured 2 weeks
later by the same investigator. The models with normal upper

incisors and lower incisors inclination were included in this study.

Figure 1 Cephalometric measurements
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The chosen post-treatment models were scanned and
digitalized with 3shape E2 scanner (3Shape, Copenhagen,
Denmark) in the third step. (Figure 2) The surface data was
then imported into the virtual model software (3Shape Ortho
System, 3Shape A/S, Copenhagen). The largest width of each
teeth of digital models were measured from the most occlusal
and the most outer point at the mesial and distal aspect of teeth
was paralleled to the occlusal plane. (Figure3) Then, the total
arch length was calculated from the sum of the width of the
first molar from one side to another side. The measurements
were performed similarly in all cases. An analysis of the
measurement error was undertaken, the same investigator
remeasured the digital model twice 2 weeks apart. Moreover,
before starting the measuring process, calibration was done

with another orthodontist to assess the reliability.

The mean width for each tooth from the 2
measurements as well as Bolton's ratio were calculated for

each subject.

Overall “10” ratio =

Sum mandibular teeth 36-46 x 100

Sum maxillary teeth 16-26
Anterior “6” ratio =

Sum mandibular teeth 33-43 x 100

Sum maxillary teeth 13-23

Means, minimum-maximum values, standard

deviations, standard errors of the mean, and variances were

calculated for the overall “10” ratio and the anterior “6” ratio.

Figure 2 3shape E2 scanner (3Shape, Copenhagen, Denmark)

Figure 3

§
o8

MM @EEICGRE S

Tooth size measurement parallel to the occlusal plane (3Shape Ortho System, 3Shape A/S, Copenhagen).
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Ethical consideration

This study was approved by the Khon Kaen University
Ethics Committee for Human Research No. HE632075. Subjects’
data such as name, family name, hospital number, address, and
telephone number are securely protected. In addition, the case
record forms are listed in numbers rather than names.

Statistical analysis

Data was analyzed using SPSS software version 22.

1. Mean, minimum and maximum value, standard
deviations, standard errors of the mean and variances were
calculated for each variable for each subject.

2. One sample T-test was used to compare the mean
value of cephalometric angles of this study with that of
Dechkunakorn’s study.

3. One sample T-test was used to compare interarch
tooth size ratio of this study with Bolton’s study and
Kayalioglu’s study.

4. One sample T-test was used to compare the mean

of each tooth size of this study and Dechkunakorn’s study.

Results

Ultimately, the study was conducted on 38 subjects
(32 females and 6 males). The subjects were categorized
based on the ANB angle. (Tablel)

Skeletal Class I patients have an ANB angle ranging
from 1-5 degrees. If the angle is great than 5 degrees, they are
categorized as Skeletal Class II. While ANB angle smaller
than 1 degree are categorized as Skeletal Class III. The
samples included 33 skeletal Class I, 3 skeletal Class II, and
2 skeletal Class III subjects.

Determination of descriptive statistics for each PAR
components are shown below. (Table2) The highest mean is
LBO component (1.10+1.31) followed by the RBO component
(1.02£1.07).

We compared our mean value of every angles to the
study by Dechkhunakorn et al.” Our mean of U1-SN angle, L1-
FH angle, L1-NB angle and interincisal angle were significantly
different from the study by Dechkunakorn et al. (Table 3)

Table 1  Demographics data of the categorical variable (Skeletal relationship)
Skeletal relationship Frequency (Percent) ANB Minimum-maximum
Class I 33(86.8%) 2.92+1.23 1-5
Class II 3(7.9%) 6.16+0.28 6-6.5
Class III 2 (5.3%) 0+0.70 -0.5-0.5
Total 38 (100%)

Table 2 Mean, SD, and minimum-maximum values of each PAR components of selected posttreatment samples (n = 38) after the third step.

PAR components Mean£SD Minimum-maximum
UAS 0 0
RBO 1.02+1.07 0-4
LBO 1.10+1.31 0-4
0ol 0.47+1.10 0-3
OB 0.59+1.13 0-3
MID 0.02+0.16 0-1
PAR Score 3.2242.32 0-8
Table 3  Comparison of mean cephalometric angles between Dechkhunakorn's study and this study (One sample T test).

Measurements Mean+SD Thai norm range (Dechkhunakorn's study) t P-value
U1-SN(°) 104.63+4.94 107.01+6.13 -2.96 0.00*
UI-NA(°) 21.09+3.67 21.58+4.99 -0.81 0.41
L1-MP(°) 96.31+4.62 97.26+5.97 -1.25 0.21
L1-FH(°) 57.85+5.27 59.9+5.86 -2.38 0.02*
L1-NB(°) 28.75+3.56 30.22+5.55 -2.54 0.01*
Interincisal angle 126.71+5.29 124.36+7.56 2.73 0.01*

* P<0.05
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We compared the mean tooth size to the study by
Dechkunakorn et al."’ Our mean of upper central incisor, upper
lateral incisor, upper second premolar, upper first molar, lower
second premolar and lower first molar were significantly
different from the study by Dechkunakorn et al. (Table 4)

The mean overall “10” ratio for the posttreatment
models was 90.31+1.86. The values ranged from 86.24 to
94.10, and the median was 90.43. The standard error of the

mean was 0.30, and the variance was 3.47. The mean anterior

71.76 to 84.55, and the median was 77.79. The standard error
of the mean was 0.43. The variance was 7.11. (Table 5)

We also compared our mean anterior “6” ratio to
ratios reported in Bolton et al., Kayalioglu et al,
Dechkunakorn et al. and Manopatanakul et al. Our anterior
“6” ratio was not significantly different from any of the
studies mentioned, except Dechkunakorn et al. (Table 6)

Our overall “10” ratio was significantly different

from the previous studies. (Table7)

“6” ratio calculated was 77.47+2.66. The values ranged from

Table 4 Comparison of Mean tooth size between Dechkhunakorn's study and this study (One sample T test).

Maxillary Central incisor 8.74+0.47 8.574+0.48 2.31 0.02*
Lateral incisor 7.37+0.52 7.01£0.50 4.28 0.00*
Canine 7.89+0.40 8.01+0.42 -1.69 0.09
Second premolar 7.25+0.37 6.88+0.39 6.07 0.00*
First molar 10.69+0.50 10.27+0.43 5.17 0.00*

Mandible Central incisor 5.50+0.34 5.46+0.33 0.85 0.39
Lateral incisor 6.1140.35 6.08+0.32 0.66 0.51
Canine 6.97+0.37 6.9740.40 0.12 0.89
Second premolar 7.68+0.47 7.16£0.39 6.88 0.00*
First molar 11.60+0.53 11.36+0.52 2.86 0.00*

* P<0.05

Table 5 Mean tooth ratio of selected posttreatment models

Overall “10” ratio 38 90.31 86.24-94.10 90.43 1.86 0.30 3.47
Anterior “6” ratio 38 77.47 71.76-84.55 77.79 2.66 0.43 7.11

Table 6 Comparison of Mean and SD values of Anterior ratio between previous studies and this study (One sample T test).

Anterior ratio Bolton (1958) 55 77.20 1.65 0.64 0.52

(Mand 3-3) Kayalioglu (2004) 53 77.68 1.12 -0.46 0.64

(Max 3-3) Dechkunakorn (1995) 100 78.53 2.34 -2.43 0.02%
Manopatanakul (2011) 37 77.09 2.18 0.89 0.37
Present study 38 77.47 2.66

* P<0.05

Table 7 Comparison of Mean and SD values of Overall “10” ratio between previous studies and this study. (One sample T test)

Overall “10” ratio Bolton (1958) 88 1 5.85 0.00%*
(Mand 6-6) Kayalioglu (2004) (All first premolar extraction) 53 89.28 1.07 3.40 0.00*
(Max 6-6) Present study (All premolar extraction) 38 90.31 1.86

* P<0.05
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The measurement was done in all samples, and re-
examinations were done 2 weeks after the first examination
by the same examiner (A.D.). The Intraclass Correlation
Coefficients (ICCs) (Table 8). Before starting to measuring
tooth size process, we were required to calibrate our
measurement with another orthodontist. The summary of
Intraclass Correlation Coefficients (ICCs) (Table 9). The
score presented excellent ICC values. These results indicated

the reliability of the data.

Table 8 Summary of Intra-examiner reliability by using Intraclass
Correlation Coefficients
Intraclass Correlation
Measurement
Coefficients (95% CI)
PAR index

0.843 (0.699-0.922)
0.915 (0.823-0.959)

Single Measures
Average Measures
Cephalometric analysis
® U1-SN angle
Single Measures 0.973 (0.766-0.997)
Average Measures 0.986 (0.868-0.999)
® UI-NA angle
Single Measures 0.942 (0.550-0.994)
Average Measures 0.970 (0.710-0.997)
® | IFH angle
Single Measures 0.969 (0.762-0.997)
Average Measures 0.984 (0.865-0.998)
® [IMP angle
0.911 (0.464-0.990)

0.953 (0.634-0.995)

Single Measures
Average Measures
® [ 1-NB angle
0.88 (0.17-0.987)
0.936 (0.291-0.993)

Single Measures
Average Measures
® UILI angle
Single Measures 0.864 (0.233-0.985)
Average Measures 0.927 (0.378-0.992)
® Tooth width
Single Measures 0.999 (0.998-0.999)

Average Measures 0.999 (0.999-1.00)

Table 9  Summary of Inter-examiner reliability by using Intraclass
Correlation Coefficients
Tooth width Intraclass Correlation
measurement Coefficients (95% CI)

0.996 (0.994-0.997)
0.998 (0.997-0.998)

Single Measures

Average Measures

Discussion

In this study, we reported the mathematical
interarch tooth size ratio and the size of each tooth in normal
occlusion patients whom first four premolars were already
extracted. First premolars are frequently extracted in
orthodontic treatment. Thus, understanding how pre-
treatment planned extraction impact the final outcome is
essential to achieve the ‘perfect’occlusion. H. Travess et al.
found that the first premolar had the highest percentage of
extraction, followed by the second premolar, first molar,
second molar, canine, lateral incisor and central incisor.'®
Saatci et al. presented a statistical significance of Bolton
value between pretreatment and posttreatment after first four
premolars extraction. Removing the first four premolars
creates the most serious tooth-size discrepancy.12 Tooth size
discrepancy is often observed after four premolar extractions
after treatment. Consequently, this can make it difficult to
achieve the good occlusion after treatment.

Interestingly, tooth size difference among men and
women have been reported. Men have generally larger teeth
than women."”'"" Bishara et al. studied subjects of normal
Class I occlusion and found that males were prone to have
larger teeth than females.'’ Dechkunakorn et al. studied tooth
size and tooth size ratio in 100 dental models. There were 50
Thai males and 50 Thai females. They found that males teeth
were significantly larger than females teeth in upper first
molars, upper canines, upper lateral incisors, upper central
incisors, lower canines, lower first premolar and lower first
molars. Nevertheless, they stated that there were no
differences in anterior teeth ratio, posterior teeth ratio and the
overall ratio between gender.IO Multiple studies have also
compared the anterior Bolton ratio between sexes. Lavelle
compared interarch tooth size discrepancy of 120 casts with
excellent occlusions between males and females which
showed that the total and anterior ratios were both slightly
higher in males than in females.” On the contrary, Joias and
Scanavini investigated 35 subjects with natural normal
occlusion. They stated that there are no differences in

. . e 20 . .
Bolton’s anterior ratio within sexes.” Besides, many studies
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have found that the differences between tooth size
discrepancies and sexes are not strongly significant. These
imply the variation in the result of the studies in tooth size
discrepancy and sexes.” > Most of our subjects were female.
Thus, we could not compare tooth size discrepancy appeared
between men and women.

ANB angle was used to distinguish skeletal
discrepancy. The sample included 33 skeletal Class I, 3
skeletal Class II, and 2 skeletal Class III subjects. Johe et al.
studied 306 subjects with different sexes, ethnicities, and
skeletal malocclusion categories. They found no significant
difference in anterior ratio or overall ratio in each groups.24
Also, Asad et al. found that the anterior Bolton ratio in
Skeletal Class I, II & III patients was statistically insignificant
different. Their sample comprised of 60 patients of different
malocclusion groups.25 Nevertheless, a study by Batool et al.
and Araujo, & Souki showed an inconsistent result that the
mean anterior tooth ratios were significantly higher for
skeletal Class II patients.”"** According to Table 1, samples
in Class II and Class III showed an ANB angle that deviated
no more than 2 standard deviation of the Class I samples
(3+2). Thus, the ANB angles presented less severe skeletal
relationship resulting in samples that showed normal incisal
inclination angle.

PAR index was used to evaluate the severity of
dental malocclusion and the success of orthodontic treatment.
PAR index gives good reliability and validity to assess both
severity of malocclusion as well as estimated treatment
difﬁculty.27 However, Heusdens et al. found that PAR index
could not present the severity of tooth size discrepancy.28
PAR index does not include the incisal inclination. Therefore,
in this study, cephalometric analysis measurements were used
to evaluate the incisal inclination. Dechkunakorn et al.
reported Thai norm value of cephalometric analysis. They
studied in 26 Thai males and 29 Thai females. Inclusion
criterias were Angle Class I occlusion, normal overjet and
overbite, good alignment of tooth, crowding or spacing less
than 1 mm and good facial proﬁle.15 Norm of the incisal
inclination angles in Thai people from Dechkunakorn’s study

was used to select the appropriate samples. We found that our

findings for U1-SN angle, L1-FH angle, L1-NB angle and
interincisal angle are statistically different from findings of
Dechkunakorn et al. This may be due to the skeletal
relationship of our samples. While we included all skeletal
relation in our study, Dechkunakorn et al. included Angle
Class I occlusion. Consequently, both PAR index and
cephalometric measurement were taken into account to select
a perfect occlusion in this study, the same way as the
Kayalioglu's study. Also, this study calculated the tooth size
ratio from actual cases with premolar extraction, not
hypothetical tooth extractions, therefore our data is reliable.
In our study, the chosen post-treatment models are
scanned with 3shape E2 scanner (3Shape, Copenhagen,
Denmark). We digitalized our models with the virtual model
software (3Shape Ortho System, 3Shape A/S, Copenhagen).
This allowed us to measure the mesiodistal tooth width
parallel to the occlusal plane. Thus, this method was accurate
and reproducible. An intraoral scanner has been rapidly
developed in orthodontics. It has many advantages. The
scanner does not require the fabrication of plaster models and
reduces error as there are fewer steps compared to the
conventional impression techniques. Lee and Park’s study
compared in vivo full arch scan from intraoral scanner and
digital model from a laboratory desktop scanner. They
showed that intraoral scans created local deviations in the
lower arch posterior regions. They reported 0.10 mm of
overall deviation between both methods.” Nonetheless,
conventional alginate impression may be less precise
compared to the intraoral scanners because alginate have
internal tearing during the removal of the trays.30 Recently,
digital orthodontic system accommodating in diagnosis is
growing rapidly. Thus, in the future, it could be used more
widely than the conventional techniques. It would be
beneficial for future studies to use the intraoral scanner to
further investigate topics that are related to this study.
According to Table 4, our mean tooth size of upper
central incisor, upper lateral incisor, upper second premolar,
upper first molar, lower second premolar and lower first
molar was significantly different from Dechkunakorn’s

study. This may be due to the fact that our study reported the
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tooth size of posttreatment model with normal occlusion
while patients with full dentition were observed in
Dechkunakorn et al. Many studies reported tooth size
discrepancy after orthodontic treatment with first four
premolars extraction. Therefore, our subjects teeth might be
modified to achieve normal occlusion which result in changes
of the tooth size. Thus, our study differs from Dechkunakorn
et al. which can be explained by inclusion criteria.

Some studies have shown a reduction of Bolton’s
overall ratio in cases with premolar extraction.””” In 1962,
Bolton presented that the overall ratio should not be used to
estimate the occlusion after four premolars extraction. In
2005, Kayalioglu and a team studied posttreatment dental
models of 53 Turkish patients, with four extracted first
premolars. They used the PAR index and cephalometric
measurement to select a perfect occlusion. Accurate to
0.01mm, a digital caliper was used to measure tooth size.
They found that the overall ratio without the first four
premolar was 89.2841.07%. They suggested this overall ratio
to be the norm for four first premolar extractions.” In our
study, the mean overall “10” ratio and the mean anterior “6”
ratio were 90.31+1.86% and 77.47+2.66% and respectively.
Our anterior “6” ratio was not significantly different from the
previous studies except from study by Dechkunakorn et al.
(Table 6). Dechkunakorn et al. investigated tooth size and
interarch tooth size ratio in Thai people that had normal
occlusion. They used an electronic digital caliper to measure
tooth width in the dental model. The differences in results
between our study and Dechkunakorn et al.’s study could be
explained by different measuring method and inclusion
criteria. Therefore, the result was different despite studying in
Thai samples. Moreover, our overall “10” ratio was
significantly different from Bolton’s study and Kayalioglu’s
study which could be explained by ethnicities and measuring
methods.

Our samples were dominantly females and skeletal
Class I. Therefore, we could not compare the data on the basis
of sexes and skeletal relationships. Future studies should also

evaluate the relationship in larger samples.

Conclusion

Our study suggests that an overall ratio of 90.31 %
is practical in diagnosis and treatment planning for the

patients with four first premolars extraction.
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Table 1 Composition and mechanical properties of high translucent monolithic zirconia
q o Flexural strength
Material Composition (% by mass) : X Lot No.
(three-point bending test)
Cercon xt ML Zr0, 86%, Y,0, 9%, HfO, 3%, ~ 750 MPa 18038982,
(Dentsply Sirona, York, PA, USA) ALO,, SiO,, Other oxide < 2% 18041956
Katana STML ZrO, + HfO, 88 - 93%, 748 MPa EDZSW

(Kuraray Noritake dental Inc., Tokyo, Japan)

Y,0, 7 - 10%, Other oxide 0 - 2%
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= A a
A3TUBNRATIN (Triple syringe) NAAEI Natys11n Ing
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a aov J1 a I a 1
1,100 Haddaddemsasuamwas 1unal 5 3i neuls
4 o w d a sol
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Cooling Temp. Holding Cooling  Temp. Holding  Temp.
rate 3 time rate 4 time 5

(°C/min) (\O) (min) (CC/min) = (°O) (min) (\O)
99 300 0 25 0 0 RT
10 RT 0 - - - -
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s 1 (A) MIFTONTUY (B) FUNUTIATonas audn
Figure 1 (A) Specimen preparation (B) Prepared specimen
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MINAABUANUAIUMUMHANITD 1FUNIY
JnaaouAURIUNILNITHANTNAIEIAT 09NA DY
@108 (Universal testing machine: Lloyd, LR30K, Leicester,
England) Tﬂﬂﬁﬂf’??uemm’ﬁfT‘Jngmmm'%mmﬁaumﬂa
Tuaununmfoudaninfuiisy nafnamEnnd
Batinlarewunanvinaduriugudnais 3.0 adwas
Fufafuinanduvnvesnsouitulumii 1Wusana
AoFUNUTIANE1TINA 0.5 TadwasdenT nszshde
FuauaunszaianseuTunaniin Mmsiuiinaiany
Srumumsuantingagaiida ldmizeiluiadu Gui 2)

m‘mﬂaaummv’ﬁumummmnﬁﬂ

gﬂ"?; 2
Figure2  Fracture resistance testing
n33nsziiuAIsesuanin (Fractographic
analysis) 13151?”14qmﬂi@uﬂuﬁumﬁﬂnﬂzﬁyumdmﬁ'w
na 939aN99 MU UAAD3 1o (Stereomicroscope: Olympus
DSX1000, Tokyo, Japan) Af&Ive10 34 111 melduaalu
NANNAN nﬁa@ﬁﬁmammmﬂﬁwmiaﬂ%’n (Direction
of crack propagation) uazu?nmﬁzﬂu@ﬂﬁuﬁmaﬂumﬂ
(Fracture origin) Lﬁmﬁ’u %1ﬂ1§u!ﬁﬂﬂ§uﬂuﬂﬂﬂm 1 ‘T:u
ApNQY Taghanuazornsunudiniindulusiessa

anletindluna 10 uh nhuisdenszeniasuneu
ihlidhdevanfouiigungi 558 60 osrusaiFea iy
a1 20 1 ihFuanBatuune Tavzdsemnmmiveu
wazinAe LA IoME - AR (TK8842 Gold
Targer; Emitech, Ashfold, UK) Ta Ellﬂ%ﬁ]dﬂ?ﬂl,ﬂa‘ﬂ‘]_mﬂd
(Sputter coater: K-500X, Ashford, UK) nowii ldeandes
20N35IAIBIANATOUUADINTIA (Scanning Electron
Microscope: Hitachi S-300N, Osaka, Japan) ﬁﬁwﬁwmﬂ 120
M1 A2u8asuTIoya 20 Alaliad miuinneing
NNMIVEAV95005 17 yatIlinToouan LazanbL
YDITOULIAN

msinszideya nsiziveyaniellsunsy
SIns1zRN AR Ao Ao dI0d 170351 25 (IBM SPSS
version 25, IBM, New York, USA) fiszdunnuifoiiues
az 95 (p<0.05) TaehAunAuANUALMUMIIANTTATI A
ldusaznquinasivasunnuilndlunisuanussdoya
(Normality test) #28351141) 15-3af (Shapiro-Wilk test) iiioa
MInYoyalinInszaeuuuUnA (Normal distribution) 397
MIMIAULANAIVOIA URFIANUAIUNINAITHANTTN
voamstinay litiglaanzuunsoudulnludtawes
Tafefifinnu T3 waege nazanuuandavesanie
AR UNIUMsUAninveInsouiluTuTudsawes
TaiflenianuTdiwaagdiesesneuendiidunen
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11l5Us51Ud99N19 (Two-way ANOVA) I (TE TRt
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TmﬁaﬁﬁmmTﬂémmqwﬁﬁm?]ﬁ'a“luﬂi{ﬁﬁﬁuaz"lﬂﬁg

A = Y =
Lﬂﬂﬁﬂgﬂui1ﬂlﬂﬂn@nﬂﬂ'ﬁ“ﬂﬂﬁ’f]'U‘I/'I (T-test)

Wa

HANIANHIAIRAIANNAIUNIUMTUANT VD
a d = a A a
aseuumauzoaioutean luligiladng (KNS) ian
WINAGANING 2,655.27 + 337.52 129U 5090901A0ATOU
14 ‘& ~ (= a A
Wuwosnouendiouuoan luligidaang (CNS) i
M 2,609.54 + 380.85 I ANdIeAToUN DI ADY
s I A A
easMuLeanugtlaang (CS) uazaseuiumaIuzoe
A a Aa A a 1w
nonueanigilaang (KS) NAUNIAY 1,406.58 + 181.23
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TIAfU 1Az 1,020.67 + 209.75 T2 MW@ (13199 3)
Lf}a"?mi1:ﬁsﬁjaylaﬁ'aﬂmsmaaummuﬂﬁﬂmuaawm
nRBeuiouaunasnnuduniumsuaninsz e
fluii lifigifladng (KNS uag CNS) nazasouiiuiiiyida
ang (Cs waz KS) wuhasoustuii lifigidlaangiaunde
1R 2,632.40 Tadu uanasnaseuuiitgidladng
(1,213.62 H201) 8190 T8d 1Ay N19dDa (p<0.001) Az
diefasanfieuifiousundoanudumiunisuaniin
senenseuuERomauzoafiBuoa (1,837.97 i)
nazasouluddemosaouendniduLea (2,008.06 117
au) nuawana1ess lilidedayneada (p=0.072)
Tasgtuuumsiinie lufigidlaanguazdiovesluluaia
s Tafiefifinnu TS wasgaidninasuaeaunde
ANUMUMUMITUANTAYBRIATBUWY (p=0.024)
m3dnneiteyadisnsnageufinuhanae
ﬂamsﬁlmmumsLmﬂﬁﬂmmmauﬂuﬁﬁgsﬂﬂﬁﬂgﬁﬁ'a
iosneueNFRIBUIBaLAYE eI e a TS uIeA (CS
wag KS) uanaNnuog\iisdiyn1edna (p<0.05) aiu
AundsanudIumumsuaninvesnseuituil lifigida

angiteresaeuendGiisuoauazBRommuzioaiity
1oa (CNS 1ag KNS) wuiuana19ee19 hifiiedagnig
a0a (p>0.05) (GHiN‘ﬁ 4) uaziilednz AR asn L
Srumumsuaninvesaseuiuifedeadulunsdi
wazhifiydlaang wuhaseuundasidelaunioniu
Aumumsuaninuanalanuegeliedidynieana
(p<0.05) (mﬁwﬁ 5)

MIANYININGIBINNADIgaNssAIdIaNATOU
wum'fmnimﬁ*ﬁuﬁai@mmﬂmmﬂi@uﬁuﬁllajﬁgaﬂﬂﬁng
(CNS 11ag KNS) wui;ﬂﬁnﬁﬂsaa%’nﬁ’mumﬁymﬁﬁnmm
Tusenavuaseuilunazveuvesnseuilu (U7 34 9
D) aaunseuituiigidlaang (CS uaz KS) wugasudia
sosdnfivevuugavesyladng (U 3Euaz F) Tasd
RANIMTV0AIU893083 110529 000n 119 1ngaruiia
Tamwmuamiiaunnuaslldasnuveuvesaseuilu
wenaniius nuiluisesuandimunuasesuaniiiy
unnveozisani1ai (Armest line) 1aZ1N33 010U LIY
VYBANIBLUINAR (Twist hackle)

: , : v
MmN 3 aAund memﬁ'mmunmmrmmm:’muL‘ﬁ'mmummﬁ;mmmnqwmamwm

Table 3 Mean fracture resistance and standard deviation of all experimental groups
. 95% CI for mean
Group n Mean (N) Std. Deviation
Lower Upper

CNS 10 2,609.54 380.85 2,337.09 2,881.98

CS 10 1,406.58 181.23 1,276.93 1,536.22

KNS 10 2,655.27 337.52 2,413.83 2,896.72

KS 10 1,020.67 209.75 870.63 1,170.72

a a oA v o a a oy ) s /o g &y
519N 4 ﬂWiLlEEJ‘llW]EJ'UﬂWmﬁElﬂ'ﬂll@ﬂu‘vnufﬂil!ﬂﬂﬁﬂsllf’Nﬂﬁll!,Lﬁ2’,vlllllgL‘ﬂﬂﬁﬂglluﬂ5f’J‘LIﬁuﬂﬁ@t“ﬁﬂiﬂ@umﬂ“ﬁﬂlﬂNLLf’JﬁLLﬁgﬂ‘ﬂf’J
mmumaﬁﬁsgmma
Table 4 Comparison of the mean fracture resistance between crowns with and without screw access holes for Cercon xt ML and Katana STML.
Mean + S.D. (N)
Group p-value
Cercon xt ML Katana STML
With screw access hole 1,406.58 +181.23 1,020.67 +209.75 <0.001
Without screw access hole 2,609.54 +380.85 2,655.27 £337.52 0.779
a P oA v @ v oAy oA oy
AN 5 m‘mr%Emm&“ummaElmmmu‘vnunmmﬂwﬂmmﬂmuﬁu!,mazﬂwaiuﬂimwmmﬂmgzﬂﬂﬁﬂg
Table 5 Comparison of the mean fracture resistance of each brand, with and without screw access holes.
Mean = S.D. (N)
Group p-value
With screw access hole Without screw access hole
Cercon xt ML 1,406.58 + 181.23 2,609.54 +380.85 <0.001
Katana STML 1,020.67 +209.75 2,655.27 £337.52 <0.001
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SU3800 20.0kV 6.6mm X120 SE

SU3800 20.0kV 11.9mm X120 SE RS T T00um SU3800 20.0kV 11.8mm X120 SE
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Note:
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=
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Figure 3

"400um ' SU3800 20.0kV6.4mm X120 SE

o A a o a a 4 a
0 fio YA IiiaTaBIAN, dop AP RANINIVENBAIVEITEE3 17, TH Aie NIwuaniaa, AL fe ozi5avi lail, 1Az SAH fio 3@laang

O = fracture origin, dcp = direction of crack propagation, TH = twist hackle, AL = arrest line, and SAH = screw access hole

ﬂﬂ‘lsliltl‘“wguW’J']Jil’)mﬂﬂﬂ%uﬂ5’E)EJLW]ﬂmﬂﬁﬂi@vﬂuiﬂiuﬂﬁ!“ﬁﬂiiﬂlufJ‘ﬂiJﬂ’NiJIﬂiﬂllﬁﬁﬁﬂﬂ?ﬂﬂﬂﬂﬁ%ﬂﬂiiﬂu@Laﬂ@]i@ull‘ﬂ’ﬂ
ﬁ’f)\iﬂi1ﬂ‘ﬂﬂ'lﬂﬁ°llﬂ1ﬂ 120 LVI'] Iﬂfﬁ’l (A 118z B) ﬂTLliJﬂlﬂﬂﬂlla“ﬁlﬂﬂﬂlﬂﬁﬂiﬂﬂﬁuﬂquNil,‘].]ﬂﬁﬂiﬂﬁﬂl“ﬁﬁ)iﬂﬂulﬂﬂ%ﬂlﬂﬂuﬂﬁ (C
ua“ D) ﬂ']l!‘Uﬂ!.ﬂfJ’J!.!.ﬂ“’“U’E)U“U’ENﬂiﬂﬂﬂu‘ﬂvlllllilﬂﬂﬁﬂiﬂﬁ@ﬂ'l@]'lu“’t’[’)ﬁﬂlﬂmlﬂa (E) ‘Uil’mﬁlf)‘ﬂ‘uu‘uﬂﬁi!ﬂﬂﬁﬂﬁ]ﬂ\iﬂi@ﬂﬂu
ﬂﬂ@!‘lﬂﬂiﬂﬂulﬂﬂ“ﬁ'ﬂlﬂmlﬂﬂ uag (F) ‘]Ji!.’)ﬂﬂ]f]ﬂUu‘ilf)ﬂi!.ﬂﬂﬁﬂi‘llﬂﬂﬂiﬂvﬂuﬂﬁ0ﬂ1ﬁ1u°’mﬁ‘mﬂullﬂﬁ

Surface of the fracture area of the high translucent monolithic zirconia crowns with SEM at 120x (A, B) Occlusal surface and margin
on Cercon xt ML crown without screw access hole (C, D) Occlusal Surface and margin on Katana STML crown without screw access
hole (E) Top of the screw access hole on Cercon xt ML crown and (F) Top of the screw access hole on Katana STML crown
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Effect of Present a Screw Access Hole on
The Fracture Resistance of High Translucent
Monolithic Zirconia Crown on Dental Implant

Intarapreecha T* Sosakul T** Puasiri S*** Sooktho T** Chanatapaporn P**

Abstract

The objective of this study was to compare the fracture resistance of high translucent monolithic zirconia crowns (Cercon xt ML
and Katana STML) with a screw access hole to those without a screw access hole on implants. The maxillary first premolar crowns were made
using the CAD/CAM process as crowns, both with and without a screw hole, on the implant abutments in 40 specimens, which can be divided
into four groups (n=10). These include: Group 1 Cercon xt ML with a screw access hole (CS); Group 2 Cercon xt ML without a screw access
hole (CNS); Group 3 Katana STML with a screw access hole (KS); and Group 4 Katana STML without a screw access hole (KNS). All
specimens were thermocycled for 10,00 cycles between 5°C to 55°C, with a dwell time of 30 seconds at room temperature. Also, cyclic loading
was applied by placing a stainless-steel sphere indenter on the center of the transverse ridge of the crowns. The cyclic load was applied to a
load of 50 N, with a frequency of 4 Hz, for 250,000 cycles before fracture resistance testing with a universal testing machine. Moreover, a
stainless-steel sphere indenter was placed on the center of the transverse ridge of the crowns with a crosshead speed of 0.5 mm/min. until the
crowns fractured. The fracture specimens were analyzed the fracture surface under a scanning electron microscopy. Data was analyzed by
two-way analysis of variance test (ANOVA) and t-test (p<0.05). Two-way ANOVA results showed that the crowns with a screw access hole
(CS and KS) had a significantly different mean fracture resistance, comparing to the crowns without a screw access hole (CNS and KNS)
(p<0.001). Furthermore, the mean fracture resistance between Cercon xt ML and Katana STML crowns was not statistically significant
(p=0.072). The t-test analysis revealed that the mean fracture resistance of both brands with a screw access hole on the crown was statistically
significantly different (p<0.05), while the mean fracture resistance of both brands without a screw access hole was not statistically significantly
different (p>0.05). For analyzing the mean of fracture resistance of the same brand, both with and without a screw access hole, it was shown
that each brand of the crown had a statistically significant difference (p<0.05). In conclusion, high translucent monolithic zirconia crowns with
a screw access hole had less fracture resistance than those without a screw access hole. However, there was no difference in the mean fracture

resistance between the two brands of crowns without a screw access hole.

Key words: Screw access hole/ Fracture resistance/ Crown/ High translucent monolithic zirconia/ Implant
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Evaluation of OralScreenKKU Prototype
Application in Elderly

Sutanchaiyanonta W* Patcharanuchat P* Srimongkol K** Somorn C*** Leelapakorn T****

Abstract

This research is an evaluative study aimed at assessing the overall quality of the prototype application OralScreenKKU. The
researchers studied theories related to app assessment and made improvements to develop an app evaluation questionnaire for self-
administered responses. Data was then collected from individuals aged 60 years and above, selected conveniently among those receiving dental
services at the Faculty of Dentistry, Khon Kaen University Hospital. The collected data was analyzed using statistical methods. The study
included a sample group of 35 participants, with 57.1% being female. The average age was 67.5 years, and 77.1% had completed undergraduate
or higher education. On average, they used smartphones for 1-3 hours per day, with 48. 6% using LINE, YouTube, and Facebook as the most
frequently used applications, at 97.1%, 60.0%, and 51.4%, respectively. The app assessment consisted of 16 questions, with a maximum score
of 1. The study found that the app demonstrated very high-quality content and usability, with an average score of 0. 80£0. 40, as well as high-
quality design (0.74+0.44). The first issues to address were screen freezing and difficulty accessing certain menus. The findings can be used to
make improvements to the app before its public release, and further research should be conducted in the future. It is advisable to increase the
diversity and number of sample groups to achieve the objectives of developing the OralScreenKKU prototype app, which aims to be a useful

tool for self-screening oral health conditions.

Keywords: Mobile application evaluation/ OralScreenKKU/ Elderly
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Figure 2 Bar chart illustrating the means of salivary total bacteria before and after applying C. nutans gel and povidone iodine mouthwash

categorized by time.
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Figure 3 Bar chart illustrating the means of salivary total bacteria before and after 30 min and 2 h categorized by substance.
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Mean of mutans streptococci in plaque before applying C. nutans gel and povidone iodine mouthwash and after 30 min and 2 h

Mean of total mutans streptococci (x 10° CFU/ml)

Substance (Mean + SD)
Before After 30 min After 2 h
C. nutans gel 10.91 + 8.68 10.41 +£9.62 9.03 £8.31
Povidone iodine mouthwash 8.48 +£8.20 7.38£9.67 6.57+7.72
Means of mutans streptococci not significantly different (p>0.05) between the two different substances and three different times.
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Table 2 The satisfaction of the volunteers between the use of C. nutans gel and Povidone iodine mouthwash
Satisfaction Median (Q1, Q3) P-value
C. nutans gel Povidone iodine mouthwash
Smell 4.0 (4,5) 4.0(3,4) 0.033*
Taste 4.0 (3,5) 3.5(3,4.25) 0.549
Color 4.5(4,5) 3.0 (3,5 0.002*
Cleanliness 4.0 (3,4) 4.5(4,5) 0.007*
Feeling use for a long time 3.0(3,4) 3.0 (3,5) 0.299

* Statistically significant difference at p<0.05
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Comparative Study of Clinacanthus nutans
Gel and Povidone Iodine Mouthwash in The
Reduction of Salivary Total Bacteria and
Mutans Streptococci

Rattanathongkom A* Priprem A** Chatchiwiwatana S* Boonlert T* Hengtrakul P* Nimaeh N***

Abstract

Clinacanthus nutans (C. nutans) is one of the herbal plants which has been developed into a gel for reducing inflammation in oral
cavity. This study intended to compare the effect of C. nutans gel on salivary total bacterial and mutans streptococci, one of the common
pathogens in oral cavity, using a solution of povidone iodine mouthwash as the standard treatment. Each volunteer (n=30), participated in a
cross-over design study, received C. nutans gel and povidone iodine mouthwash with a 2-week washout. Saliva and plaque swab from the oral
cavity of each volunteer were sampled at initial, followed by 30 minutes and 2 hours after each treatment, incubated for 24 and 48 hours.
Comparisons between C. nutans gel, applied onto the tooth surface, and povidone iodine mouthwash, rinsed throughout the oral cavity,
indicated that povidone iodine mouthwash was significantly reduced salivary total bacteria better than C. nutans gel at 30 minutes after
treatment (p=0.003), but insignificance after 2 hours (p=0.740). The average colony counts of mutans streptococci from plaque samples were
insignificantly reduced after 30 minutes and 2 hours-treatment by C. nutans gel or povidone iodine mouthwash (p=0.439 and p=0.076,
respectively). The smell and color of C. nutans gel obtained higher satisfaction scores than those of povidone iodine mouthwash (p<0.05).
Although higher satisfaction in the taste of C. nutans gel than that of the mouthwash was obtained, this difference was insignificant (p>0.05).
The sensation of cleanliness after use was expectedly significantly higher with povidone iodine mouthwash (p<0.05). In conclusion, C. nutans
gel may be an alternative to control the growth of bacteria in the oral cavity.

Keywords: Clinacanthus nutans/ Mutans streptococci/ Povidone iodine mouthwash/ Satisfaction
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Comparison of Effectiveness of Portable
Air Filtration and Ceiling Type Air
Filtration in Reducing of Dental Aerosol in
an Open Plan Dental Clinic

Phuvoravan C* Sooksawasdi T** Khongkhaphet K**

Abstract

The aim of this study was to investigate aerosol accumulation from aerosol generating from dental procedures in open plan clinic
under different settings. There were 3 different settings in this study. Setting 1; No air purifying unit (no AP), Setting 2; Ceiling type air purifying
units (CAP), and Setting 3; Portable purifying units (PAP). For each setting, 6 dental units in the same area (Bay) were utilized at the open
plan clinic. The permanent right maxillary central incisor was drilled according to class III cavity preparation on plastic teeth in mannequin
head of each unit. Aerocet 531s, a particle counter, was used to measure the number of aerosols of sizes 0.5Am and 1.0dm. In each setting,
air quality was measured at 4 locations around the bay. Number of aerosols were recorded at 6-time intervals: Prior to the procedure, then at
1, 5, 10 minutes during cavity preparation. At the end of 10 minutes, cavity preparations were stopped. Aerosol count was repeated at 15 and
20 minutes. One-way ANOVA was used to compare aerosol accumulation between setting, and One-way ANOVA with repeated measures were
used to compare aerosol accumulation between time points within each setting. Statistical analysis showed that the use of PAP significantly
reduced aerosol accumulation in open plan clinic compared to no AP. In addition, in specific time points, PAP can statistically lower aerosol

accumulation compared to CAP.

Keywords: Cavity preparation/ Open plan clinic/ Air purifier/ Aerosol
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