
This article has been accepted for publication and undergone full peer review but has not been 
through the copyediting, typesetting, pagination and proofreading process, which may lead to 
differences between this version and the Version of Record. Please cite this article as doi: 
10.1111/JOCD.13608

 This article is protected by copyright. All rights reserved

Topical odorant application of the specific olfactory receptor 

OR2AT4 agonist, Sandalore®, improves telogen effluvium-

associated parameters

Francisco Jimenez,1,2,*,§ Esmeralda López,1,* Marta Bertolini,3 Majid Alam,2,3,4,$  , Jérémy Chéret,3 

Gill Westgate,5 Fabio Rinaldi,6 Barbara Marzani,6  Ralf Paus3,7,8

1 Mediteknia Clinic and Monasterium Clinical Hair Trial Unit, Las Palmas, Gran Canaria, Spain

2 Universidad Fernando Pessoa Canarias, Gran Canaria, Spain

3 Monasterium Laboratory, Skin and Hair Research Solutions GmbH, Muenster, Germany

4 Mediteknia Skin & Hair Lab, Las Palmas, Gran Canaria, Spain

5 Gill Westgate Consultancy Ltd, Stevington, Bedford, UK

6 Giuliani Pharma S.p.A., Milan, Italy

7 Centre for Dermatology Research, University of Manchester, Manchester, United Kingdom 

8 Dept. of Dermatology & Cutaneous Surgery, University of Miami Miller School of Medicine, Miami, US

$ current address: Department of Dermatology and Venereology, Qatar Translational Research Institute, 

Hamad Medical Corporation, Doha, Qatar 

* equally contributed

§ Corresponding author: Dr. Francisco Jimenez. Mediteknia Clinic, Av. Alcalde Ramírez Bethencourt 

20, Las Palmas, Gran Canaria, 35004, Spain. 

Phone: 34-928232278

Emails:

FJ: fjimenez@mediteknia.com

EL: esmeraldac.lj@gmail.com

MB; m.bertolini@monasteriumlab.com

MA: MAlam22@hamad.qa

JC: J.Cheret@monasteriumlab.com

GW: Gill@westgateconsultancy.co.uk

FR: Fabio.rinaldi@studiorinaldi.com

BM: BMarzani@giulianipharma.com

RP: Ralf.Paus@manchester.ac.ukA
cc

ep
te

d 
A

rt
ic

le

https://doi.org/10.1111/JOCD.13608
https://doi.org/10.1111/JOCD.13608
https://doi.org/10.1111/JOCD.13608
mailto:fjimenez@mediteknia.com
mailto:esmeraldac.lj@gmail.com
mailto:MAlam22@hamad.qa
mailto:J.Cheret@monasteriumlab.com
mailto:Gill@westgateconsultancy.co.uk
mailto:Ralf.Paus@manchester.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjocd.13608&domain=pdf&date_stamp=2020-07-09


This article is protected by copyright. All rights reserved

This study has been presented as a poster at the following meetings: Society of Investigative Dermatology 

in Chicago (May 8th, 2019); 11th World Congress for Hair Research in Barcelona (April 24th, 2019); ESDR 

meeting in Bordeaux (Sept 10th, 2019). 

A
cc

ep
te

d 
A

rt
ic

le



 

This article is protected by copyright. All rights reserved 

 

DR. LUCIANA BUTINI OLIVEIRA (Orcid ID : 0000-0002-8755-6540) 

PROF. ANNE CAROLINE OENNING (Orcid ID : 0000-0001-9731-8629) 

 

 

Article type      : Original Article 

 

 

Dental students’ perceptions of case-based learning method and the impact of 

clinical information in image diagnosis  

 

 

 Abstract 

 

Introduction: Education in oral imaging diagnosis is provided early in most dental 

curricula worldwide. Stressing the importance of clinical and radiographic information 

for oral diagnosis is of utmost importance for dental students. In this context, active 

learning methods, such as case-based learning (CBL), represent contemporary tools 

in the armamentarium of dental education. This study aimed to investigate (a) dental 

students’ perceptions on CBL and (b) the importance of clinical data for image-based 

diagnosis.  

Methods: Fifteen cases of bone lesions were presented to 56 undergraduate 

students; group 1 (n=24) was provided with the imaging data alone from each case, 

while group 2 (n=32) received clinical information followed by the imaging data. 

Students’ performance and perception on the teaching approach were assessed 

using a structured questionnaire. Their differential diagnoses for each of the lesions 

figured as variables to be compared with the known diagnosis.  

Results: All the students reported a positive experience with the case-based 

teaching method and confirmed this approach as a valuable tool in dental education. 

The diagnosis of a simple bone cyst, a periapical cyst or an ameloblastoma 

improved when they were provided with clinical data prior to the complementary 
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images. No significant difference was detected, however, when the total amount of 

correct diagnoses were combined together and compared between groups (p>0.05).  

Conclusion: Case-based learning was corroborated as an optimal method for 

educating undergraduate dental students. Clinical data might contribute to diagnostic 

imaging, especially regarding lesions with multiple differential diagnoses. 

Keywords: dental education, diagnostic imaging, learning, radiology 

 

 

Introduction 

 

Oral imaging evolved into a fundamental field in dentistry to support clinical 

decision making during diagnosis, treatment planning and follow-up1. Advances in 

imaging science have lead to the development of cone beam computed tomography 

in the late 1990’s, an essential tool for accurate visualization of the dental and 

maxillofacial anatomy and inherent lesions2,3. Accurate image-based analyses and 

interpretation are only possible, however, with proper knowledge of radiographic 

anatomy and epidemiology of oral diseases.4 

The scientific knowledge required to safely analyze radiographs and 

computed tomography scans makes image-based diagnosis a complex task. Certain 

lesions may be difficult to distinguish from others because of their similar imaging 

appearance, clinical aspects and behavior.5 Ideally, diagnostic hypotheses must be 

established in accordance with the history, physical examination, imaging tests and 

histopathological evaluation.6 

According to the American Dental Association4, imaging should only be 

requested after clinical examination. Along with a justified request, clinical 

information should be provided to the radiologist to support preliminary diagnostic 

hypotheses and accurate image analyses.4 Unfortunately, this protocol is not usually 

followed, making radiologists blind to clinical information in many cases.7,8 

The best practice in oral radiology depends on training and teaching dentists 

from an undergraduate level. In general, students’ first contact with oral radiology 

occurs early in the curricula worldwide. At this stage, most students are not 

sufficiently mature for effective learning. In order to enhance the learning process, 

alternative teaching methods must be considered, tested, validated and applied in 

practice. Case-based learning (CBL) is an active approach to trigger critical thinking 
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because it combines theory and practice.9-11 Despite considerable literature 

addressing the use of CBL in the health sciences curricula, the effectiveness of CBL 

on improving learning remains largely underinvestigated.12 In dentistry, CBL might be 

used to prepare students for future clinical practice13,14, especially when decisions 

must be made on complex and challenging situations, such as image-based 

diagnosis.  

According to Postma and White15, CBL-like strategies designed to develop 

reasoning and critical thinking among students should be established early in dental 

curricula – possibly in the preclinical phase, so that students can develop their 

diagnostic skills. Currently, very few studies have assessed CBL in the context of 

oral radiology.16,17 Therefore, the main purpose of this study was to evaluate the 

perception of undergraduate students regarding CBL and to investigate the impact of 

clinical data on their image-based diagnostic skills. 

 

Methods 

Study design and ethical aspects 

This study was designed prospectively in a questionnaire-based observational 

set-up. The manuscript was structured to best-fit the guidelines for reporting 

observational studies.18 Ethics approval was granted by the local ethics committee 

for research in humans (protocol: 2.913.421). 

 

 

 

 

Sampling and participants 

According to the eligibility criteria, undergraduate dental students from the 

final academic year were included, who had completed 160 hours of oral radiology 

(1st year and 2nd year), 160 hours of general and maxillofacial pathology (1st year and 

2nd year)  and  80 hours of oral medicine/ oral surgery (2nd year).  Considering these 

criteria, the sample population consisted of 56 students  attending the 4th year of the 

undergraduate dental program. Sample distribution was unequal given that students 

were selected from different years within the dental course (group 1 from 2018, n= 

24; group 2 from 2019, n = 32). The rationale behind sampling focused on clustering 

participants that had the same level of knowledge.    
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All selected students manifested their intention to participate in the study by 

signing an informed consent form. 

 

Settings 

Initially, the eligible students were grouped to attend a revision lecture on the 

diagnosis of maxillofacial bone lesions, based on the assumption that having case 

discussions after a lecture may be more effective.14  

Group 1 was provided with 15 cases of maxillofacial bone lesions. The cases 

were presented via multimedia projection and consisted of image-based examination 

(radiographic and/or tomographic). Group 2 was provided with the same cases and 

the same image data. Additionally, clinical information consisting of intra-and 

extraoral photographs, history, signs and symptoms, and patients’ complaints were 

provided to group 2. For reference purposes, the diagnosis of each of the 15 cases 

were: 1 – ameloblastoma; 2 – simple bone cyst; 3 – dentigerous cyst; 4 – 

odontogenic keratocyst; 5 – mixoma; 6 – periapical cyst; 7 – odontogentic 

keratocyst; 8 – malignant lesion; 9 – paradental cyst; 10 – mixoma; 11 – 

ameloblastic fibro-odontoma; 12 – periapical bone dysplasia; 13 – ameloblastoma; 

14 – fibrous dysplasia; 15 – Stafne bone defect.  

 

 

 

Variables 

After analyzing each case, the students had to decide on the most likely 

diagnostic hypotheses. The decision should include up to two hypotheses out of a 

pre-established list of four options. The diagnostic hypotheses provided by both 

groups were compared with the known diagnoses obtained via clinical, radiographic 

and histopathological analyses for each of the 15 cases. Upon completion of the 

experiment, for didactic purposes, each case was revealed in full to both groups and 

discussed in detail. 

 

Perception about CBL 

The perception about  CBL was assessed by applying a questionnaire to the 

students in order to investigate their experience with the CBL method. The 

previously validated tool was designed with sentences to be selected from Likert-

A
cc

ep
te

d 
A

rt
ic

le



 

This article is protected by copyright. All rights reserved 

type scales, which indicates the answer from each student within different levels of 

intensity. The sentences were: 1 – “The CBL method contributed to content 

assimilation”; 2 – “Based on the previously presented content (during the lecture), I 

consider the cases relevant as examples for learning”; 3 – “Case discussion 

increased my knowledge on image interpretation and description of bone lesions”; 4 

– “An environment of learning was built during the case discussion”. Intensity was 

based on the following possible answers: (I) completely disagree; (II) partially 

disagree; (III) not agree or disagree; (IV) partially agree and (V) completely agree.   

 

 

 

Statistical analysis 

Descriptive statistics by means of absolute and relative frequencies were 

quantified for each group. Inferential statistics were tested using Student’s t-test and 

Fisher’s exact test. Outcomes consisting of diagnostic hypotheses were compared 

with known diagnosis for each case; comparisons between groups were also 

performed; and the experience reported by the students regarding the use of CBL as 

a teaching tool was compared between groups. The confidence interval was set at 

95% and statistical significance at 5%. The SAS (SAS Institute™, Cary, NC, USA) 

software package was used. 

 

Results 

The sample was composed  by 56 students attending the final academic year 

of the undergraduate dental program in 2018 (group 1, n=24)   and   2019 (group 2, 

n=32). Most students were female (group 1- 80%, n=19; group 2 - 72%, n = 23).  

Figure 1 shows the dental students’ perceptions on the CBL method. The 

results demonstrated that 98.2% understood the method as a tool for content 

assimilation – out of these students, 89.3% answered “completely agree”. All the 

students (100%) agreed that the cases presented during the CBL were relevant and 

illustrated the theoretical content provided in the lecture – 87.5% reported 

“completely agree”. Most of the students (98.2%) agreed that the case discussion 

system increased their knowledge on image interpretation and description of bone 

lesions – 89.3% reported “completely agree”. All the students (100%) agreed that an A
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environment of learning was built within the CBL method – 87.5% reported 

“completely agree”. 

The mean percentage of correct answers in both groups was 48.6% 

considering the students’ first diagnostic hypothesis and 54.2% considering their first 

and second hypotheses. The differences between groups were not statistically 

significant (p>0.05).  

Further evaluation of the outcomes from group 1 (without clinical information) 

revealed a percentage rate of correct answers that ranged between 8.3% (for the 

simple bone cyst) and 95.8% (for Stafne bone defect). In group 2, correct answers 

varied from 12.5% (for the mixoma) to 100% (for Stafne bone defect). When the first 

and second diagnostic hypotheses were considered together (two chances to reach 

the correct answer), group 1 increased their rate of correct answers within a range 

from 12.5% (simple bone cyst, ameloblastic fibro-odontoma, and fibrous dysplasia) 

to 100% (Stafne bone defect). Group 2 increased their rate within a range from 

21.9% (mixoma and ameloblastic fibro-odontoma) to 100% (Stafne bone defect) 

(Table 1).   

Simple bone cyst, periapical cyst and ameloblastoma figured as bone lesions 

in which clinical information played a major role in diagnosis (p<0.05). Conversely, 

Stafne bone defect figured as a structure that did not require clinical information for 

adequate image interpretation (Table 1). 

 

Discussion 

This study found that CBL has a positive impact on conventional classroom 

teaching because it transports students to a more realistic scenario in which theory 

and practice are combined. Consequently, theory becomes meaningful and practice 

becomes palpable. Quantitatively, most of the students completely agreed with CBL 

as a tool for scientific content assimilation (89.3%); completely agreed with the 

relevance of the presented cases (87.5%); and completely agreed with the use of 

case discussion for improving scientific knowledge (87.5%). These outcomes confirm 

previous findings demonstrating that CBL outperformed lecture-based teaching 

(LBT) when it comes to perceiving the relevance of teaching and learning among 

students.19,20 Specific findings even recommend the inclusion of CBL in the 

curriculum of oral medicine in face of its higher effectiveness over LBT.20 Because of 

the close interface between oral medicine/surgery and image-based diagnosis in oral 
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radiology (addressed in the present study), such previous findings corroborate the 

present study on CBL as a useful tool for education at the dental undergraduate 

level. 

Dental educators are often encouraged to incorporate active learning methods 

into the regular and elective curriculum.10 CBL was the method of choice in this study 

because it enables critical thinking and stimulates active search for answers – 

situation commonly faced by radiologists in their routine. This approach was 

previously and successfully used in dentistry to assess content assimilation of 

audiences at multi and interdisciplinary levels,21,22, such as in periodontology,22,23 

orthodontics,24 oral epidemiology,25 and oral pathology.26  

 Oral radiologists report on imaging examinations to guide dentists in their 

clinical decisions and treatment planning. A problem eventually emerges when 

clinical information is not provided to support the imaging findings. Within the 

proposed scenario, some bone lesions (simple bone cyst, periapical cyst and 

ameloblastoma) were associated with a significantly higher percentage of correct 

diagnoses by the students with access to clinical information, though the overall 

results (grouped lesions) failed to reach significance between the groups. 

Conversely, for one of the myxoma cases, the opposite result was found: the group 

with no access to clinical information had a significantly higher rate of correct 

answers.  One may speculate that for this specific lesion, the clinical information was 

a source of confusion, given that it is a rare occurrence with a wide variety of 

possible (and more common) differential diagnoses. Simple bone cyst, periapical 

cyst and ameloblastoma are known for having several differential diagnoses based 

on their radiographic aspects. Specifically, simple bone cysts and the periapical 

cysts can mimic each other,27 while ameloblastomas might by interpreted as a 

dentigerous cyst or even an odontogenic keratocyst.22 It is important to note that 

outcome data (diagnosis) was assessed as a single diagnosis or as the combination 

of both most fitting diagnoses for each case. The reason for enabling two diagnostic 

hypotheses is justified to simulate clinical practice in oral radiology – in which the 

radiologist will seldom establish the final diagnosis, but suggest a possible diagnosis 

together with as many necessary diagnostic hypotheses. On one hand, the chances 

of reaching the correct answer is higher when two possible options are given. On the 

other hand, the effectiveness of a radiology report decreases when several 

(unspecific) diagnostic hypotheses need to be considered.   

A
cc

ep
te

d 
A

rt
ic

le



 

This article is protected by copyright. All rights reserved 

Future studies could benefit from cases that cover a larger spectrum of bone 

lesions, different diagnostic tools in oral radiology, different active learning strategies 

in varied setups (e.g. replacement of multiple-choice questions with essays to 

analyze cases in a multidisciplinary approach). Additionally, Grade Point Average 

(GPA) can be considered when allocating student into groups in order to verify 

differences in students' performances, as well as from different dental schools - 

especially when considering the stage/period in which oral radiology is introduced in 

the regular curriculum and eventually as an elective course. 

 

Conclusion 

The CBL teaching method was broadly accepted by the students and figured 

as an optimal tool to bring theory closer to practice through an interactive process 

illustrated with realistic casework. Clinical information increased the accuracy of 

diagnosis of maxillofacial bone lesions that had several diagnostic hypotheses.  
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*The data that support the findings of this study are available from the corresponding 

author upon reasonable request. 

 

 

Figure legend  

 

Figure 1 – Answers from the students regarding their experience with the Case-

Based Learning (CBL) method to each of the sentences proposed in this study. 
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Q1. Visible decrease in hair shedding 

Q2. I find less hairs in the comb/brush 

Q3. It seems that my hairs are growing 

Q4. My hairs are stronger  

Q5. My hairs are denser  

Q6.  My hairs are shiny 

Q7.  My hairs are more resistant after stress 

Q8. The quality of my hairs is better  

Q9. My hairs are thicker  

Q10.  My hairs are soft 

Q11. My hairs have increased volume 

Q12. I am satisfied with the results 

Q13. Smell impression 

Q14. Tolerability to product 

Possible answers for questions Q1-Q12, 0: 

totally disagree, 1: slightly agree, 2: agree, 

3: strongly agree; for question Q13, 0: 

negative impression, 1: positive impression; 

for question Q14, 0: not good, 1: ok, 2: good, 

3: very good. 

 

Table 1. Self‐ assessment questionnaire 
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