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Abstract  

Students, who may begin their dental education with sub-optimal oral self-care practices, 

are taught they should motivate patients to clean interdentally and reduce/stop smoking. To 

better understand their internalization of these concepts, students were surveyed at two 

distinct time points. 

Student cohorts from four Swiss universities were asked to complete an interdental 

cleaning/smoking habit questionnaire at the beginning of their pre-clinical education (n = 

110) and again a year later, when beginning treatment of patients (n = 115). A local cohort 

(n = 28) was observed for comparison. All subjects participated voluntarily and 

anonymously.  

Interdental cleaning ≥ 3 times per week was performed by 48% first-year and 43% second-

year students in Basel, 60% and 76% in Bern, 60% and 70% in Geneva, 41% and 49% in 

Zurich, and 29% in the local cohort. Logistic regression using gender, class year and school 

as explanatory variables showed gender (p < 0.001) and school (p = 0.018) influenced 

cleaning frequency, with the odds being 3.16 [95% CI: 1.76, 5.67] times higher for females 

to perform interdental cleaning ≥ 3 times per week. Smoking was reported both years in 

numbers too low to analyze. 

Approximately 29% of the local cohort and 52% of the first-year students displayed an 

interdental cleaning frequency congruent with oral health recommendations. Adequate 

cleaning frequency increased for second-year students to 58%, which was not significant. 

Further study is needed to determine why more dental students do not themselves clean 

interdentally. 

 

 

 

 



Introduction 

Dental students are taught to be prevention-oriented and work with patients to motivate 

them. To this end, the causative factors for oral disease are targeted: biofilm on tooth 

surfaces, smoking, dietary sugars, insufficient sleep, high stress levels (NYVAD & TAKAHASHI 

2020, JIANG ET AL 2020, MOREIRA ET AL 2020, ALQADARI ET AL 2019, SPECTOR ET AL 2020), and 

behavior modification is sought to sustain patients’ home care efforts.  

When patients follow medical advice from their care-giver(s), in this case the home care 

regimes suggested by their dentist, they are said to be compliant (RENZ ET AL. 2007). This 

compliance is based on a number of internal beliefs and perceived benefits/barriers (KUHNER 

& RAETZKE 1989, WILSON 1998). Students, just like patients, may begin their dental education 

with beliefs and habits that do not necessarily reflect the evidence available for attaining and 

maintaining optimal oral health. To better understand dental students’ starting point 

concerning their own health habits and evaluate their internalization of best evidence 

presented during their dental education, they were asked to complete a short questionnaire 

concerning their personal health habits of interdental cleaning and smoking. They were 

asked again, one year later, to complete the same questionnaire, for comparison. 

Under the assumption that Swiss dental students would enter dental school with the health 

care habits of interdental cleaning and smoking similar to those of the local population, we 

hypothesized that with the internalization of the preventive health concepts taught, the 

frequency of their interdental cleaning would increase and the frequency of smoking would 

decrease after their pre-clinical year.  

 

 

Materials and Methods 

Ethical considerations 

The local ethic review board reviewed the study (BASEC-Nr. Req-2017-00492) and 



provided a certificate of non-objection. All participants in this study were informed according 

to the principles of Helsinki of the purpose and scope of the study prior to expressing their 

willingness to take part in the survey. The participants were assured that the data collected 

would be anonymous. No compensation was offered for participation in this study. 

 

Cohort groups 

Students from four dental schools in Switzerland (Basel “BS”, Bern “BE”, Geneva “GE” and 

Zurich “ZH”) participated in the survey. All dental schools follow the same curricula 

standards based on the 1999 Bologna Declaration (to harmonize curricula throughout 

Europe). The students were questioned at the beginning of their pre-clinical dental education 

(first year of dental school; Basel n = 31, Bern n = 30, Geneva n = 20 and Zürich n = 29; 

total n = 110) and again a year later, when beginning clinical treatment of patients, (second 

year of dental school; Basel n = 23, Bern n = 29, Geneva n= 20 and Zürich n = 43; total n = 

115). A proxy cohort intended to represent the local population (n = 28), customers at a local 

Zurich hair salon, also completed the survey. All but one of the universities (BE) had 

smokers present in the first and/or second year but numbers were very low. The salon 

customers had the largest proportion of smokers. Two further participants, one student and 

one hair salon customer, submitted incomplete questionnaires and were excluded from the 

study before analysis. All subjects participated voluntarily and anonymously (Table 1).  

 

Class size and Gender  

Since participating students answered the questionnaire on a voluntary basis, the number 

of questionnaires completed and returned did not necessarily match the respective class 

sizes. A total of 110 students from all schools in Switzerland were surveyed in the preclinical 

year, of which 68 were female and 42 males. One year later, when treating their first patients 

in clinic, the number of students completing a questionnaire increased to 115, of which 73 



were female and 42 males (Table 1). The discrepancy between the number of students who 

participated in the first versus the second year was due to changing class sizes (students 

who repeated a course or transferred from/to another school) and/or students who 

completed a questionnaire in the second, but not the first, year.  

 

Questionnaire 

The questionnaire consisted of focused questions on the frequency of interdental cleaning 

(main question: how often do you clean between your teeth; follow-up questions: did you 

clean between your teeth today, yesterday, the day before yesterday) and the type of 

interdental cleaning utensils used. The participants were also asked to disclose smoking 

habits, gender and age (Fig. 1).  

 

Interdental cleaning 

The types of interdental cleaning aids employed were solicited with an open-end question 

and allowed the subjects several combinations, or conversely, the possibility of not 

performing interdental cleaning. The frequency was calculated in monthly units, with 

adequate cleaning behavior considered to be ≥12 times per month or three or more times a 

week, respectively. This calculation is based on an early study showing that use of 

interdental cleaning aids at least every other day should take place to ensure oral health 

(AXELSSON 1981). 

 

Statistical analysis 

A logistical regression was used to determine whether the factors gender, class year and 

school had an influence on the adequate frequency of cleaning. Model assumptions were 

thoroughly checked by means of residual analyses and other diagnostic tools and no major 

violations could be detected. Pairwise comparisons between the factor levels of gender 



(male versus female), class year (first versus second year) and school (Basel, Bern, Geneva 

and Zurich against each other) were conducted using marginal means. All statistical 

analyses and plots were computed with the statistical software R (R CORE TEAM 1981), 

including the packages ggplot 2 (WICKHAM 2016), emmeans (LENGTH 2018) and DHARMa 

(HARTIG 2019). 

 

Result 

Interdental cleaning frequency 

Interdental cleaning ≥ 3 times per week was performed by 48% first-year and 43% second-

year students in Basel, 60% and 76% in Bern, 60% and 70% in Geneva, 41% and 49% in 

Zurich, and 29% in the local cohort.  

 

The number of first-year dental students not performing any interdental cleaning ranged 

from 10% in both Basel and Bern to 15% in Geneva and 14% in Zurich. This, in contrast to 

the local group, where 29% reported not cleaning interdentally. In general, it was observed 

that the number of students who did not clean their teeth interdentally in the first year 

decreased, as more students reported using interdental aids the following year. In addition, 

the cleaning frequency increased in the second year in Bern (+16% points), Geneva (+10% 

points) and Zurich (+8% points). In Basel, the cleaning frequency decreased (-5% points) in 

the second year. Dental floss, interdental brushes, sticks and water jets were specified as 

cleaning aids of choice, with one not necessarily excluding the other. Bern and Geneva 

students had the best entry-level interdental cleaning habits, as well as after one year of 

dental school. Split by gender, males tended to show greater gains in interdental cleaning 

frequency than females by their second year of dental education in Bern, Geneva and 

Zurich. However, in these three universities, baseline frequency of cleaning started at a 

much lower level for the males than that of their female counterparts. Of the salon 



customers, 29% performed adequate interdental oral hygiene. While another approximate 

43% of the salon customers reported some interdental cleaning, it was not to a level 

congruent with maintaining oral health (Table 2).  

 

Logistic regression using gender, class year and school as explanatory variables showed 

gender (p < 0.001) and school (p = 0.018) influenced cleaning frequency, with the odds 

being 3.16 [95% CI: 1.76, 5.67] times higher for females to perform interdental cleaning ≥ 3 

times per week (Fig. 2).  

 

Smoking status 

Due to the low number of students that were smoking at any/all schools, no statistical 

calculation was conducted. 

 

Discussion 

Motivation, whether in a dental or general context, is a highly complex subject. There does 

not appear to be any definitive guide to motivating people to adopt best health practices. 

However, success in attaining and/or maintaining oral health is dependent on meticulous 

oral hygiene self-care. Unfortunately, many patients are unable to translate advice from their 

dentist into action that will help them achieve this goal. One aspect of this equation that 

appears to be under-investigated is the question of whether dentists are invested in the 

advice they give. Therefore, behavioral change by dental students as they progress in their 

studies may provide insight into this factor. It was our assumption that dental students in 

Switzerland start their dental careers with health and preventive behaviors no different than 

the general population. The data did not support this assumption. Overall, the students at 

all Swiss universities practiced interdental cleaning upon entry into dental school in higher 

numbers than the local cohort; indicating a higher level of preventive behaviors/habits by 



the students than displayed by the salon customers.  Once the students entered their second 

(clinical) year, an increase in interdental cleaning, and especially adequate frequency of at 

least three times a week, could be observed in Bern, Geneva and Zurich. Surprisingly, in 

Basel interdental cleaning frequency decreased, for both male and female students. 

However, overall, female gender was shown to be associated with frequent interdental 

cleaning. The hypothesis that the students would intensify their cleaning frequency as they 

learned about the importance of disrupting oral biofilm appeared to be dependent upon in 

which school that they were studying. 

 

The hypothesis that first-year dental students who smoked would be proportionally equal to 

the salon customers could not be meaningfully analyzed due to generally low numbers of 

smokers. Only a very low number of students entered dental school as smokers. However, 

looking at the information descriptively, it is clear that the students entered dental school 

with a proportionally lower number of smokers (Basel 13%, Bern 0%, Geneva 5% and Zurich 

3%) than the proportion of smokers (25%) found in the local cohort.  

  

Oral Hygiene regimes and their benefits 

Oral health, once lost, demands great motivation and effort from both the health care 

provider and the patient to re-attain. Without a doubt, routine oral hygiene instructions and 

motivation are essential to reduce plaque and bleeding scores as well as arrest disease 

progression (AXELSSON & LINDHE 1981, GALVIND ET AL. 1983). Supportive periodontal 

treatment is necessary to treat the disease, after which patient compliance determines 

whether oral health may be maintained or not (RAMFJORD ET AL. 1982, CHASE ET AL. 1993, 

STADLER ET AL. 2017). The challenge in supportive periodontal therapy lies not only in 

maintaining a strict recall schedule, but also adhering to homecare recommendations, 

especially interproximal cleaning and thorough daily biofilm removal. Interproximal cleaning 



methods have been shown to reduce bleeding sites by up to 67% as compared to brushing 

alone, which achieved a reduction of 35% (GRAVES ET AL. 1989). In particular, the type of 

interdental cleaning method employed, plays a role in effectively reducing periodontal 

inflammation. In particular, the use of interdental brushes showed superior cleaning efficacy 

and a resulting reduction in periodontal probing depth (PD) when compared to flossing 

(JACKSON ET AL. 2006). Constant repetition of home care instructions during supportive 

treatment is another key element to achieving optimal results. Emler and co-workers could 

demonstrate a beneficial effect on school children in their oral hygiene performance through 

reinforcement and repetition (EMLER ET AL. 1980).  

 

This compliance is crucial to all dental (and medical) preventive therapies, whether it be 

adherence to the use of pharmaceutical agents or life-style changes. And herein lies the 

problem: while compliance may be achieved in the short term, it has been shown to 

deteriorate over time. This holds true for all areas of medicine. In studies measuring patient 

compliance with taking their medications for chronic diseases, the results show compliance 

rates as low as 30% for HIV (LEE ET AL. 2018), 39% for diabetes (KRASS ET AL. 2015) and 

47% for hypertension (GO ET AL. 2014). In the dental literature, patient compliance with 

supportive periodontal therapy after completing active treatment (including surgery) has 

been found to start at approximately 67% (MENDOZA ET AL. 1991), drop off to half or less that 

number after 5 years (NOVAES ET AL. 1999, CHECCHI ET AL. 1994) and continue downwards 

to approximately 33% after 20 years (WILSON ET AL. 1984). 

 

Preventive behavior of dental students 

 

A number of studies have examined the self-care behavior of dental students in various 

parts of the world (MCCARTAN & SHANLEY 2005, KHAMI ET AL. 2007, SMITH & LEGGAT 2007, 



ZADIK ET AL. 2008, PEKER ET AL. 2010, NEERAJA ET AL. 2011, RAHMAN & KAWAS 2013, YAO ET 

AL. 2019). Most investigate brushing behavior and some included interdental cleaning 

through the use of dental floss. Further, some studies have examined dental students’ 

tobacco use. To the best of our knowledge, no published study has examined whether dental 

students use other interdental cleaning aids in their own self-care. In fact, of the validated 

questionnaires used, none ask about the use of any interdental cleaning device except 

dental floss.  

 

The introductory lectures for preventive and periodontal patient treatment, which also 

include practice sessions with various interdental cleaning devices, provide students with 

the rationale and mechanisms of self-homecare. The results of this study showed that a 

majority of the students who clean interdentally use dental floss, while a large minority 

preferred interdental brushes and a limited number of students used toothpicks or a single-

brush tip. It could be argued that based on age and oral health status, the majority of 

students only had room to introduce dental floss into the interdental spaces. Interdental 

brushes require a degree of papillary recession, or conversely swelling, to find the space 

necessary for insertion between the teeth. In both cases, most students utilized interdental 

cleaning devices that they were taught could be best implemented in a given situation. 

However, it does not explain why some students do not use any interdental cleaning device 

at all, even after their didactic training.  

 

Study limitations 

 

There may also be variations between the curriculum content and teaching methodology 

employed at the four universities under the general curriculum guidelines, as each Canton 

(state) in Switzerland has a certain degree of freedom when interpreting the Swiss federal 



guidelines for university studies. In spite of this, it must be assumed that the curricula at all 

four universities present students with strategies for interdental biofilm (self) removal. While 

the focus of this study was to gather self-reported use of interdental cleaning devices (as a 

means of gauging students’ attitudes toward preventive measures, as shown by their own 

self-care behavior, before and after their didactic experiences as dental students), it is now 

clear that a more detailed examination of the four schools’ curricula and teaching 

methodologies should be included in future studies. By correcting this limitation of the 

current study, insight may be gained as to the possible reasons for the diverging results 

observed between schools and to determine the most useful strategies for teaching 

preventive behavior modification.  

 

Another limitation of this study was that the students were not followed over the entire course 

of their dental education. It would be enlightening to survey their behavior at the end of their 

studies (third year of dental school) to ascertain if more patient contact time and in-depth 

treatment of their patients’ needs would lead to increased recognition of the importance of 

the interdental aspect of home care, as shown by their own habits and practices. In addition, 

because the survey was anonymous, it cannot be said with certainty which students 

changed their behavior either positively or negatively between the two years observed. We 

also do not know which students changed their smoking habits (again either positively or 

negatively) over the course of the study. This also precluded any deeper statistical analyses. 

Future studies should address these issues for a more complete picture of student behaviors 

and internalization of concepts taught over time. 

 

The salon group may also represent a limitation of this study. This cohort was composed of 

customers in a Zurich hair salon. As the dental students in the four different cities in 

Switzerland varied in their initial frequency of interdental cleaning, it may be now postulated 



that using a general population cohort from just Zurich may, on the one hand, not have 

provided the most accurate basis for comparison with incoming dental students in Basel, 

Bern and Geneva. Regional differences in Switzerland are known to exist and include 

language, customs and mentality. On the other hand, the hair salon customers were not 

asked whether they were native to Zurich. Future studies should, therefore, include control 

groups in each of the four cities where dental schools are located to determine what, if any, 

differences in interdental cleaning behaviors there might be between the general population 

in the different regions of the country. 

 

Finally, with the insight gained through this current study, it becomes clear that future studies 

should also include the clinical faculty in their evaluation. As with regional factors possibly 

playing a role in the differing results between dental schools in Switzerland, faculty may play 

a significant role in “motivating” students to evaluate and internalize the concepts that they 

are teaching. One study performed analyzing the interdental cleaning habits of Finnish 

dentists found that 35% use dental floss, with 2% using it on a daily basis. Teaching 

prospective dental professionals oral hygiene, had no correlation with flossing frequency 

(MURTOMAA ET AL. 1984). If faculty members were found to be lacking in their own interdental 

self-care, then they may also be a source of ambivalence that trickles down through the 

students to the patients. This is, of course, only conjecture, but certainly a topic for further 

study. 
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Extended Abstract 

 

Deutsch 

Zusammenfassung: Zahnmedizinstudenten sollen präventionsorientierte Vorbilder sein 

und ihre Patienten zu einer optimalen Mundhygiene motivieren. Die Studierenden beginnen 

ihre zahnmedizinische Ausbildung jedoch mit Überzeugungen und Gewohnheiten, die - 

genau wie die Patienten - nicht unbedingt die verfügbaren Erkenntnisse zur Erreichung und 

Erhaltung der Mundgesundheit widerspiegeln.  

Einleitung: Um die Verinnerlichung der vermittelten Konzepte besser zu verstehen, wurden 

Zahnmedizinstudenten in der Schweiz zu zwei verschiedenen Zeitpunkten befragt. 

Material und Methoden: An der Umfrage nahmen Studierende der vier Schweizer 

zahnmedizinischen Universitäten teil (Basel "BS", Bern "BE", Genf "GE" und Zürich "ZH"). 

Alle Zentren folgen vergleichbaren Lehrplänen, die auf der Bologna-Erklärung von 1999 zur 

Harmonisierung der Lehrpläne in ganz Europa, basieren. Die Studierenden wurden zu 

Beginn ihrer vorklinischen zahnärztlichen Ausbildung im ersten Studienjahr (Basel n=31, 

Bern n=30, Genf n=20 und Zürich n=29; insgesamt n=110) und ein Jahr später zu Beginn 

der klinischen Behandlung an Patienten erneut befragt (zweites Studienjahr; Basel n=23, 

Bern n=29, Genf n=20 und Zürich n=43; insgesamt n=115). Eine sogenannte Proxy-

Kohorte, welche die lokale Laien-Bevölkerung repräsentieren sollte (n=28), d.h. Kunden 

eines Zürcher Friseursalons, füllte die Umfrage ebenfalls aus. Der Fragebogen bestand aus 

Fragen zur Häufigkeit der Interdentalreinigung und der Art der verwendeten 

Interdentalreinigungsutensilien. Ausserdem wurden die Teilnehmer gebeten, ihre 

Rauchgewohnheiten, ihr Geschlecht und ihr Alter anzugeben. 

Resultate: Eine Interdentalreinigung ≥ 3 Mal pro Woche wurde in Basel von 48% der 



Studierenden im ersten und 43% im zweiten Studienjahr durchgeführt, in Bern von 60% und 

76%, in Genf von 60% und 70%, in Zürich von 41% und 49% und in der lokalen Kohorte 

von 29%. Eine logistische Regression unter Verwendung von Geschlecht, Klassenjahr und 

Schule als erklärende Variablen zeigte, dass Geschlecht (p<0,001) und Schule (p=0,018) 

die Putzhäufigkeit beeinflussten, wobei die Wahrscheinlichkeit 3,16 [95% CI:1,76;5,67] mal 

höher war, dass Frauen die Interdentalreinigung ≥ 3 mal pro Woche durchführten. Die Zahl 

der Raucher war in beiden Jahren zu gering, um sie zu analysieren. 

Diskussion: Motivation ist ein komplexes Thema. Es scheint keinen endgültigen Leitfaden 

zu geben, wie man Menschen dazu motivieren kann, optimale Gesundheitsmassnahmen 

zu ergreifen. Der Erfolg bei der Erlangung und/oder Erhaltung der Mundgesundheit hängt 

jedoch massgeblich von der sorgfältigen Selbstpflege ab. Leider sind viele Patienten nicht 

in der Lage, die Ratschläge ihres Zahnarztes in Massnahmen umzusetzen, die ihnen helfen, 

dieses Ziel zu erreichen. Ein Aspekt dieser Gleichung, der nicht ausreichend untersucht zu 

sein scheint, ist die Frage, ob Zahnärzte in die Ratschläge, die sie erteilen, auch selber 

befolgen und leben. Daher könnten Verhaltensänderungen von Zahnmedizinstudenten im 

Laufe ihres Studiums Aufschluss über diesen Faktor geben. 

Lediglich 29 % der einheimischen Kohorte und 52 % der Studierenden im ersten Studienjahr 

wiesen eine regelmässige Interdentalreinigungsfrequenz auf, die mit den Empfehlungen zur 

Mundgesundheit übereinstimmte. Bei den Studierenden im zweiten Studienjahr stieg die 

Häufigkeit der Reinigung auf 58 %, was jedoch nicht signifikant war. Es bedarf weiterer 

Untersuchungen, um festzustellen, warum nicht mehr Zahnmedizinstudenten selbst 

interdental reinigen und Methoden zu entwickeln, um damit dasjenige, was gepredigt 

letztendlich auch praktiziert wird! 
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Figure 1. Questionnaire distributed to participants (in French  
                or German, depending on the language region) 

 
 
How often do you clean between your teeth? ______________ 
 
Have you cleaned between your teeth today?   
☐Yes / ☐No   
 
Did you clean between your teeth yesterday?  
☐Yes / ☐No 
 
Did you clean between your teeth the day before yesterday?  
☐Yes / ☐No 
 
With what? ______________________________________ 
 
☐Smoker / ☐Non-smoker  
Number of cigarettes/day: __________ 
 
☐Male / ☐Female  
 
* Participants were free to self-declare if they cleaned a given  
number of times per day, week or month. The following three 
questions allowed us to analyze the accuracy/consistency of  
their answer.  For the statistical analysis, the number provided  
was calculated up to a monthly amount. 

  



Figure 2. Distribution of adequate interdental cleaning (%) split by gender, year and school 
 

 
 
 
 
 
 



 
 

Table 1. Demographics and participation rates in the four dental schools and local cohort 
 

 BS (Basel), BE (Bern), GE (Geneva), ZH (Zurich) 
 
 
 
 
 
 
 
 

School Class (year) Participants/ 
Class Total (n) 

Partizipation 
(%) 

Sex (m/f) Age (mean) Smoker 
(n) 

BS 1st (2017) 31/34 91 (14/17) 18-36 (21) 4  
2nd (2018) 23/26 88 (6/17) 23-30 (25) 3 

BE 1st (2017) 30/30 100 (13/17) 20-31 (24) 0 
 2nd (2018) 29/30 97 (13/17) 21-32 (25) 0 

GE 1st (2017) 20/30 67 (6/14) 20-36 (25) 1  
2nd (2018) 20/30 67 (7/13) 21-37 (25) 0 

ZH 1st (2017) 29/46 63 (9/20) 21-31 (23) 1 
 2nd (2018) 43/44 98 (16/27) 22-37 (25) 2 

Local cohort (2017) 28/28 100 (18/11) 18-50 (28) 7 



 

Table 2. Interdental aids used and cleaning frequency (participants may have used more than one  
              cleaning aid) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BS (Basel), BE (Bern), GE (Geneva), ZH (Zurich) 
IdB=interdental brush, stick=wood toothpick, single=single-tuft brush, no Id cleaning=no interdental  
cleaning 
Adequate cleaning frequency and changes thereof (Δ adequate), presented as percentages, have  
been rounded to the nearest full percentage point. 

School 
and  

Class 
floss IdB Floss 

+IdB 
water 

jet 
stick single no Id 

cleaning 

adequate 
≥12/month 

(n) 

adequate 
≥12/month 

(%) 

Δ adequate  
(% points) 

BS 
(1st year) 10 15 0 1 4  3 15/31 48  

BS 
(2nd year) 14 14 7  1  1 10/23 43 -5 

BE 
(1st year) 25 9 7  1  3 18/30 60  

BE 
(2nd year) 24 11 8    0 22/29 76 +16 

GE 
(1st year) 10 6 2    3 12/20 60  

GE 
(2nd year) 14 13 8   1 0 14/20 70 +10 

ZH 
(1st year) 19 10 3 1   4 12/29 41  

ZH 
(2nd year) 22 18 4 2  3 3 21/43 49 +8 

Local cohort 
(ZH) 14 1 0  5 1 8 8/28 29  


