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Publication List 

The topic of my doctoral thesis was to investigate the retention rate of pit and fissure sealants in relation 

to different etching times. It was considered to work on the following projects:  

Project 1. What is an appropriate etching time before sealant application on molars? Results from a 
meta-analysis. 
 

Lo YF, Crispin A, Kessler A, Hickel R, Kühnisch J. What is an appropriate etching time 
before sealant application on permanent molars? Results from a meta-analysis. J Adhes 
Dent. 2019;21(6):487-495. 

 
 
Project 2. Does etching time affect the in vitro performance of a sealant material? 

 
Lo YF, Pitchika V, Ilie N, Hickel R, Kühnisch J. Does etching time affect the in vitro 
performance of a sealant material? Dent Mater J. 2020; 39(5): 862–868 
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2. Introduction  

2.1 Preface 

Sealing pits and fissures is an effective caries preventive measure (1). However, the caries-protective 

effect is influenced by material retention, as a sealant can only be effective as long as it covers the pit 

and fissure completely (2). It was previously shown that sealant retention varied significantly between 

the available materials (3). Additionally, other clinical variables, e.g., etching time, practice set-up, and 

isolation technique, may also influence long-term survival. 

When considering acid etching as an important pretreatment step before sealing and its influence on 

longevity, it is surprising that only limited data from comparative clinical studies exist until now. There is 

only one clinical study (4) showed that 40.0%, 50.9%, 41.8%, and 43.6% of sealants were intact after 

12 months when etching the enamel for 15, 30, 45, and 60 seconds, respectively. Based on previously 

published meta-analysis results (3), it can be expected that approximately 80% of all sealants will be 

intact after a two-year observation period. Therefore, the previously published comparative clinical 

results (4) must be re-evaluated.  Independent of clinical experience, only few in vitro studies have 

investigated the influence of the length of acid conditioning on the in vitro performance of sealant 

materials, e.g., bond strength or microleakage (5,6,7) 

The shortening of acid conditioning has been discussed repeatedly since the introduction of pit and 

fissure sealants to simplify the treatment and reduce chair time, particularly in children (8,9). 

Furthermore, there seems to be also a trend towards shorter etching times in recent studies (10,11). 

Some clinical studies used a very short etching time for only 15 seconds (10, 12), and the documented 

survival rate seems to be heterogeneous. Therefore, we conducted a meta-analysis based on a 

systematic review of the literature, as well as a laboratory study, in an attempt to close this knowledge 

gap: 

1. the first study (What is an appropriate etching time before sealant application on permanent molars? 

Results from a meta-analysis.) investigated the influence of different acid etching times on the retention 

rate of pit and fissure sealants based on a systematic search of the literature of clinical trials with a 

minimum observation time of two years.  

2. the second study (Does etching time affect the in vitro performance of a sealant material?) aimed to 

assess the shear bond strength (SBS), failure mode, and microleakage of sealants under the inclusion 

of different commonly recommended acid etching times, namely, 15, 30, 45, and 60 s on permanent 

tooth materials on a comparative, in vitro study basis.  

 

2.2 Materials and Methods 

In the first study, the systematic review was reported according to the preferred reporting items for 

systematic reviews and meta-analyses (PRISMA) statement (13).  
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PICOS model. We structured our literature search based on the five components of the "PICOS" model 

(14). A systematic search was carried out in the following databases: PubMed via Medline, EMBASE, 

Cochrane Central Register of Controlled Trials (CENTRAL), Scopus, and Google Scholar up to March 

2017. A thorough manual review of the reference lists of the retrieved publications was also performed. 

Endnote X7.7.1 (Bld 11961, Thomson Reuters, Toronto, Ontario, Canada) was used to manage the 

studies. 

Selection of studies. Clinical trials evaluating the longevity of resin- or methacrylate resin-based pit and 

fissure sealants with a phosphoric acid etching technique used before sealant application on occlusal 

surfaces of permanent molars, with a minimum of 2 years of follow-up were included. In the first step, 

two trained reviewers (Y.L. and A.K.) independently screened the titles and abstracts of all identified 

studies and determined the eligibility. In the case of any disagreements or uncertainties, the reviewers 

consulted with the supervisor (J.K.) to resolve the issue.  

Data extraction and management. Regarding the evaluation criterion, the retention of the sealants was 

recorded as a success (total retention) or failure (partial or total loss). Missing numerical values were 

recorded as "not reported". All data were entered into a MS Excel worksheet (Office 2015, Microsoft 

Corporation, Redmond, WA, USA).  

Statistical analysis. Statistical analyses of the effect of etching times were performed using negative 

binomial regression models. The absolute number of failures in a given study was estimated from the 

proportion of molars with defective sealants among all molars examined at the end of the study multiplied 

by the number of molars examined at baseline. The total sealant survival time at risk of failure was 

estimated as half the study duration in the case of defective sealants and as the whole study duration 

otherwise. The natural logarithm of the survival time at risk (in years) was used as an offset in the 

negative binomial regression models.  

The second study included ninety-six healthy, caries-free, extracted human third molars to test SBS. All 

teeth were free of any developmental disorders, fillings, or fissure sealants, and showed complete root 

development. The roots were sectioned 1 mm apically to the cementoenamel junction, and the crowns 

were further sectioned into 3 parts (mesial, buccal, lingual). This process resulted in 288 tooth surfaces, 

which were randomly assigned to 8 study groups according to the randomization table. All tooth surfaces 

were embedded in cold-curing methyl methacrylate resin. The SBS was compared between different 

etching times (15, 30, 45, and 60 s) on aprismatic (unground) and prismatic (ground) enamel.  

In the prismatic enamel group, a standard ground surface was prepared to produce a flat, parallel area, 

which was sufficient to place a sealant button to obtain a standardized horizontal plane for SBS testing. 

In the aprismatic group, the natural enamel surface of each specimen was maintained. An etching 

procedure with 37% phosphoric acid gel was performed for 15, 30, 45, or 60 s. The samples were 

subsequently inserted into a bonding clamp, and the sealants were further applied. The samples were 

aged by one-day storage in distilled water at 37°C in a thermal oven followed by thermocycling between 

5°C (±2°C) and 55°C (±2°C) for 5000 cycles. The notched-edge (ISO standard) SBS test (15) was 

performed using a universal testing machine, the SBS was calculated in MPa. All samples were 

examined for failure modes under a stereomicroscope at 20-fold magnification.  
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Under the same laboratory setting, five human third molars were assigned to each of the eight subgroups 

in order to test microleakage. For the group with prismatic enamel, the superficial enamel in the areas 

of the central, supplemental grooves, as well as the involved area of each cusp were removed by a 

flame-shaped finishing diamond bur. The samples were subsequently immersed in 0.5% methylene blue 

solution for 24 h at 37°C. The tooth crowns were fully embedded in cold-curing methyl methacrylate 

resin.  The resin blocks were further fixed and the crowns were sectioned in the buccolingual direction 

into at least 5 slices. The front and back of each slice were inspected. If dye penetration was present, 

each side was quantitatively measured concerning the total length of the interface between the enamel 

and the sealant. All measurements were performed with the imaging software ImageJ (version 1.52, 

Wayne Rasband, National Institutes of Health, Bethesda, MD, USA). Descriptive and explorative data 

analyses were performed using Stata/SE 14.2 (StataCorp 2015, College Station, TX, USA). Pairwise 

comparisons of microleakage values between different etching times were performed using the Mann-

Whitney U test. Linear regression analysis was also performed to compare the results from SBS testing. 

A significance of α = 0.05 (two-tailed test) and a 95% confidence level were used for all analyses. 

 

2.3. Results 

In the first study, a total of 28 relevant clinical studies with 36 datasets were identified and included in 

the meta-analysis. Overall, the included studies were published between 1978 and 2014, and the follow-

up duration ranged from 2 to 20 years. Studies with an etching time of 15 s (n=3), 20 s (n=2), 30 s 

(n=10), 40 s (n=1) and 60 s (n=20) were identified. The majority of the included patients (n=1891) and 

tested molars (n=3295) were obtained from studies with 60 s of etching, and only five reports were 

identified for etching times of 15 and 20 s. In the case of investigations with 30 s of etching time, ten 

reports were registered. On the other hand, the majority (n=33) of the included reports originated from 

clinical trials with two or three years of observation. Only one study followed patients for 20 years. The 

main finding from the negative binomial regression model showed that no significant association 

between the different etching times and retention rates was identified. 

In the second study, the investigation of SBS on aprismatic enamel revealed that longer acid etching 

tended to result in slightly higher fracture resistance, but the difference was not found to be significant. 

The same finding was also registered for prismatic enamel. Here, a significant difference of SBS 

between 15 s/ 60 s and between 30 s/ 60 s etching times on prismatic enamel was detected. There was 

no significant difference in SBS in relation to tooth surfaces and the type of enamel preparation. 

Adhesive failure was the most predominant type of failure among all groups, followed by mixed failures. 

Cohesive failures and enamel failures were rarely observed. No serious differences existed between 

the aprismatic and prismatic enamel group regard to the failure mode. The results from the simple linear 

regression showed that only etching time had a significant influence on the SBS. The estimate from the 

regression analysis resulted in 13.9 MPa for the reference group (15 s etching time), whereas a 60 s 

etching time had a positive effect by significantly increasing the SBS by 2.3 Mpa. The mean values for 

microleakage were found to be low throughout all groups, and no significant difference was detected. It 
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should be noted that a longer etching time in aprismatic enamel contributed to a decrease in 

microleakage. In contrast, this trend was reversed in prismatic enamel. 

 
2.4 Discussion 

In the first study, based on the results from the negative binomial regression model, there is no evidence 

of a significant influence of etching times on the retention rate of pit and fissure sealants in permanent 

molars. However, it should be noted that the data of the included studies were not equally distributed 

with respect to the etching times and materials used: the majority (n=30) of the studies were obtained 

from investigations that used 30 and 60 seconds of etching. In contrast, only four clinical trials 

(10,16,17,18) were identified for etching times of 15 or 20 seconds; furthermore, all of these studies had 

a short observation period. On the other hand, auto-polymerizing materials were documented with the 

longest follow-up period of up to 20 years (19). For the materials introduced more recently, namely, light-

polymerizing, and fluoride-releasing and light-polymerizing sealants, the maximum observation periods 

were only 5 years (20).  In general, the body of clinical knowledge originates from studies that used 

“light-polymerizing”, and “fluoride-releasing and light-polymerizing” sealants and pre-treated the outer 

prismless enamel layer with phosphoric acid for 30 or 60 seconds.  

Based on the limited data for etching times of 15 and 20 seconds, this study could not draw a firm 

conclusion regarding the usage of shortened etching times. According to the data from available clinical 

sealant studies, which used 30 or 60 seconds of acid etching, neither of the etching times was found to 

be superior in the regression analysis. Therefore, a minimum of 30 seconds of acid etching seems to 

be sufficient prior to fissure sealing to safeguard appropriate sealant retention. 

 

In the second study, a slight, insignificant increase in SBS was observed for both enamel groups with 

longer etching times. Pairwise comparative statistical analyses (Mann-Whitney U test) also revealed 

that a significant increase in SBS was registered between 15 s/ 60 s and 30 s/ 60 s etching times when 

prismatic samples were used; all other systematically performed comparisons remained insignificant.  

Concerning the results from the linear regression model, it was found that only the parameter of 60 s 

etching time was statistically significant. All other variables, e.g., 15 s, 30 s, and 45 s etching times, type 

of enamel preparation, and tooth surfaces remained insignificant. When considering the information 

from previous available in vitro studies (21,22,23,24), it might be concluded that longer acid etching 

times improved the SBS on prismatic enamel. However, regarding the (frequently) low numbers of 

samples in each study (n=30 (21), n=10 (22), n=10 (23), n=10 (24)), the results from simple (pairwise) 

statistical comparisons could explain (non-)significant differences and should therefore not be overrated. 

With respect to failure mode, adhesive failures were most commonly detected; cohesive and enamel 

failures were rare. Interestingly, there was a minor trend of more mixed failures when etching aprismatic 

enamel for 60 s. This finding may indicate an increase in adhesive performance; nevertheless, the 

results should not be overrated. 
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When analyzing the present data of microleakage, it can be concluded that the mean values of dye 

penetration were generally low. However, the present investigation recorded a non-significant 

descending trend in aprismatic enamel when etching time increased. In the case of prismatic enamel, 

an opposite trend was observed. The ascending performance of microleakage in prismatic enamel with 

the increase of etching time might be a sign of over-etching (7,25,26). 

When considering the SBS results from this in vitro study, it should be noted that only small differences 

between all tested groups existed. However, the data indicated that an increasing time of acid etching 

resulted in slightly higher SBS in both enamel groups, and the linear regression analysis also revealed 

a significant advantage of 60 s acid etching. Furthermore, the trend of more mixed fracture failures and 

less microleakage when etching time increased in aprismatic enamel support the recommendation of 

60 s of acid etching before sealant application. However, when emphasizing the small test differences 

between 30 s and 60 s, it can be argued that an application time of 30 s may also provide acceptable 

clinical results.  
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3. Zusammenfassung  

Basierend auf den durchgeführten wissenschaftlichen Arbeiten können die folgenden 

Schlussfolgerungen gezogen werden: 

- Die Fissuren- und Grübchenversiegelung ist eine wirksame kariespräventive Maßnahme und wird 

heute vor allem bei kariesaktiven Kindern eingesetzt. Die Verkürzung der Säurekonditionierung 

wurde wiederholt diskutiert, um die Behandlung zu vereinfachen und die Behandlungszeit 

insbesondere bei Kindern zu verkürzen. Demgegenüber liegen nur begrenzte Daten aus 

vergleichenden klinischen Studien vor. 

- Daher wurde im ersten Projekt der vorliegenden Dissertationsschrift der Einfluss der Ätzzeit auf die 

Überlebensrate von Fissurenversiegelungen an bleibenden Molaren auf der Grundlage einer 

systematischen Literaturrecherche und Metaanalyse analysiert. Das zweite Projekt evaluierte die 

Scherhaftung (SBS), Bruchmuster und die Farbstoffpenetration der Fissurenversiegelung in Bezug 

auf unterschiedliche Ätzzeiten an aprismatischem und prismatischem Schmelz unter 

Laborbedingungen. 

- Die systematische Literaturrecherche umfasste 28 klinische Studien mit 36 Testgruppen, welche aus 

Studien mit einer Beobachtungsdauer von mindestens zwei Jahren stammten. In den Studien 

wurden auto-polymerisierende, licht-polymerisierende und fluoridfreisetzende, licht-

polymerisierende Versiegelungsmaterialien verwendet, sowie der Zahnschmelz für 15, 20, 30, 40 

und 60 Sekunden mit Phosphorsäure vorbehandelt. Das Ergebnis der Literaturrecherche bzw. 

negativen binomialen Regressionsanalyse war, dass eine begrenzte Anzahl klinischer Daten für 15 

und 20 Sekunden verfügbar war. Daher sollten Überlebensraten aus Studien mit kurzer 

Säureätzzeiten eine vorsichtige Interpretation erfahren. Die Ergebnisse aus der Regressionsanalyse 

signalisieren, dass vor der Fissurenversiegelung der Zahnschmelz für mindestens 30 Sekunden 

konditioniert werden sollte. 

- Das zweite Projekt untersuchte die Scherhaftung unter Verwendung von aprismatischem (nicht 

präpariertem) und prismatischem (präpariertem) Schmelz, welcher vor der Versiegelung für 15, 30, 

45, oder 60 Sekunden geätzt wurde. Im Ergebnis der Scherversuche wurden nur geringe 

Unterschiede zwischen allen getesteten Gruppen aufgefunden. Eine paarweise Analyse ergab 

jedoch, dass bei Verwendung von prismatischen Proben ein signifikanter Anstieg der Scherfestigkeit 

zwischen 15 s / 60 s und 30 s / 60 s Ätzzeiten registriert wurde. Bei aprismatischem Schmelz wurde 

dagegen kein signifikanter Unterschied zwischen die Äztzeiten festgestellt. Das lineare 

Regressionsmodell ergab, dass eine Ätzzeit von 60 Sekunden zu einem signifikanten Anstieg der 

Scherfestigkeit führte. Darüber hinaus wurde festgestellt, dass die Mittelwerte für die 

Farbstoffpenetration in allen Gruppen niedrig waren und kein signifikanter Unterschied feststellbar 

war. Mit zunehmender Ätzzeit zeigte sich allerdings ein nicht signifikanter absteigender Trend der 

Farbstoffpenetration im aprismatischen Zahnschmelz. 
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- Zusammenfassend kann damit eine Ätzzeit von 30 Sekunden bei aprismatischem Schmelz 

empfohlen werden, da dies zu einer verkürzten Behandlungszeit führt und damit potentiell die 

Behandlungscompliance bei Kindern erhöht werden kann.  

- Im Hinblick auf die begrenzten Vergleichsdaten zu verschiedenen Säureätzzeiten scheint in Zukunft 

mehr klinische Forschung erforderlich zu sein. 
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4. Abstract  

Based on the performed scientific works, the following conclusions can be drawn: 

- Sealing pits and fissures is an effective caries-preventive measure and is mostly indicated for caries-

active children today. The shortening of acid conditioning has been discussed repeatedly to simplify 

the treatment and reduce the operation time, particularly in children. However, only limited data from 

comparative clinical studies are available.  

- Therefore, the first project analyzed the influence of etching times on the survival rate of pit and 

fissure sealants in permanent molars on the basis of a systematic search of the literature and meta-

analysis. The second project evaluated the shear bond strength (SBS), failure mode, and 

microleakage of fissure sealing materials in relation to different etching times on aprismatic and 

prismatic enamel under laboratory conditions. 

- The systematic review included 28 clinical studies with 36 datasets that originated from the trials with 

at least two years of observation. Studies that used auto-polymerizing, light-polymerizing, and 

fluoride-releasing and light-polymerizing sealants, as well as acid etching times of 15, 20, 30, 40, 

and 60 s were detected. The finding from descriptive analysis was that there was a limited number 

of clinical data for 15 and 20 s available. Thus, conclusions regarding very short acid etching times 

should be omitted. Negative binomial regression analysis revealed no significant difference between 

retention rate and different etching times. Therefore, a minimum of 30 s of acid etching might be 

sufficient prior to fissure sealing. 

- The second project investigated the SBS using aprismatic (unprepared) and prismatic (prepared) 

enamel that were etched for 15, 30, 45, or 60 s before sealant placement. When considering the 

SBS results in detail, it should be noted that only small differences between all tested groups existed. 

Nevertheless, the pairwise analysis revealed a significant increase in SBS was registered between 

15 s/ 60 s and 30 s/ 60 s etching times when prismatic samples were used. The linear regression 

model showed that 60 s of etching time led to a significant increase in SBS. The mean values for 

microleakage were found to be low throughout all groups, and no significant difference was detected. 

However, a non-significant descending trend of microleakage in aprismatic enamel exhibited when 

etching time increased. 

- In conclusion, a minimum of 30 s of etching time could be recommended on aprismatic enamel before 

sealant placement for daily practice, as it reduces treatment time and might improve the treatment 

compliance of children.  

- Concerning the limited comparative studies on the influence of different acid etching times on 

retention rate, more well-conducted clinical researches are needed in the future. 

 

 

  



 14 

 

 
 

5. Paper I 

 



 15 

 

 
 

 



 16 

 

 
 

 



 17 

 

 
 

 



 18 

 

 
 

 



 19 

 

 
 

 



 20 

 

 
 

 



 21 

 

 
 

 



 22 

 

 
 

  



 23 

 

 
 

 6. Paper II 

 
 



 24 

 

 
 

 
 
 



 25 

 

 
 

 
 
 



 26 

 

 
 

 
 
 



 27 

 

 
 

 
 
 



 28 

 

 
 

 
 
 



 29 

 

 
 

 

  



 30 

 

 
 

7. References 
1. Ahovuo-Saloranta A, Forss H, Walsh T, Nordblad A, Makela M, Worthington HV. Pit and fissure 

sealants for preventing dental decay in permanent teeth. Cochrane Database Syst Rev 
2017;7:Cd001830. 

2. Rock WP. The effectiveness of fissure sealant resins. J Dent Educ 1984;48:27-31. 
3. Kühnisch J, Mansmann U, Heinrich-Weltzien R, Hickel R. Longevity of materials for pit and 

fissure sealing--results from a meta-analysis. Dent Mater 2012;28:298-303. 
4. Duggal MS, Tahmassebi JF, Toumba KJ, Mavromati C. The effect of different etching times on 

the retention of fissure sealants in second primary and first permanent molars. Int J Paediatr 
Dent 1997;7:81-86. 

5. Wadenya RO, Herrera M, Smith J, Mante F. Enamel bond strength of self-etch sealant with and 
without prior acid etching. N Y State Dent J 2009; 75:49-51. 

6. Tandon S, Kumari R, Udupa S. The effect of etch-time on the bond strength of a sealant and on 
the etch-pattern in primary and permanent enamel: an evaluation. ASDC J Dent Child 1989; 
56:186-190. 

7. Redford DA, Clarkson BH, Jensen M. The effect of different etching times on the sealant bond 
strength, etch depth, and pattern in primary teeth. Pediatr Dent 1986; 8:11-15. 

8. Eidelman E, Shapira J, Houpt M. The retention of fissure sealants using twenty-second etching 
time: three-year follow-up. ASDC J Dent Child 1988; 55:119-120. 

9. Stephen KW, Kirkwood M, Main C, Gillespie FC, Campbell D. Retention of a filled fissure sealant 
using reduced etch time. A two-year study in 6 to 8-year-old children. Br Dent J 1982; 153:232-
233. 

10. Ganesh M, Tandon S. Clinical evaluation of FUJI VII sealant material. J Clin Pediatr Dent 
2006;31:52-57. 

11. Guler C, Yilmaz Y. A two-year clinical evaluation of glass ionomer and ormocer based fissure 
sealants. J Clin Pediatr Dent 2013;37:263-267. 

12. Nazar H, Mascarenhas AK, Al-Mutwa S, Ariga J, Soparker P. Effectiveness of fissure sealant 
retention and caries prevention with and without primer and bond. Med Princ Pract 2013;22:12-
17. 

13. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and 
meta-analyses: the PRISMA statement. BMJ 2009;339:b2535. 

14. Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of the PICO framework to 
improve searching PubMed for clinical questions. BMC Med Inform Decis Mak 2007;7:16. 

15. International Organization for Standardization (ISO). 29022:2013. Dentistry- Adhesion- 
Notched-edge shear bond strength test. 2013. 

16. Karlzen-Reuterving G, van Dijken JW. A three-year follow-up of glass ionomer cement and resin 
fissure sealants. ASDC J Dent Child 1995;62:108-110. 

17. Oba AA, Sonmez IS, Ercan E, Dulgergil T. Comparison of retention rates of fissure sealants 
using two flowable restorative materials and a conventional resin sealant: two-year follow-up. 
Med Princ Pract 2012;21:234-237 

18. Yilmaz Y, Belduz N, Eyuboglu O. A two-year evaluation of four different fissure sealants. Eur 
Arch Paediatr Dent 2010;11:88-92. 

19. Wendt LK, Koch G, Birkhed D. Long-term evaluation of a fissure sealing programme in Public 
Dental Service clinics in Sweden. Swed Dent J 2001;25:61-65. 

20. Bendinskaite R, Peciuliene V, Brukiene V. A five years clinical evaluation of sealed occlusal 
surfaces of molars. Stomatologija 2010;12:87-92. 

21. Holtan JR, Nystrom GP, Phelps RA, Anderson TB, Becker WS. Influence of different etchants 
and etching times on shear bond strength. Oper Dent 1995; 20:94-99. 

22. Kimmes NS, Barkmeier WW, Erickson RL, Latta MA. Adhesive bond strengths to enamel and 
dentin using recommended and extended treatment times. Oper Dent 2010; 35:112-119. 

23. Barkmeier WW, Erickson RL, Kimmes NS, Latta MA, Wilwerding TM. Effect of enamel etching 
time on roughness and bond strength. Oper Dent 2009; 34:217-222. 

24. Osorio R, Toledano M. Etching time and enamel bond strength of fissure sealants. J Dent Res 
1996; 75:180. 

25. Costa LR, Watanabe I, Fava M. Three-dimensional aspects of etched enamel in non-erupted 
deciduous teeth. Braz Dent J 1998; 9:95-100. 

26. Hosoya Y. The effect of acid etching times on ground primary enamel. J Clin Pediatr Dent 1991; 
15:188-194.	  



 31 

 

 
 

Acknowledgements 

Firstly, I would like to express my sincerest gratitude to Prof. Dr. Reinhard Hickel, Dean of the 

Conservative Dental Department of the University of Munich, who gave me the opportunity to do my 

doctorate at the Ludwigs-Maximilian-University. 

Secondly, my deepest appreciation goes to Prof. Dr. Jan Kühnisch. Without his energy, commitment, 

and enthusiasm, we would not have succeeded in achieving our goals. He was the best supervisor I 

could have wished for. He was always available for me when I needed help and his consistent 

encouragement gave me considerable strength to carry on.  

Furthermore, I am grateful to Dr. Alexander Crispin und Dr. Vinay Pitchika for their contributions in the 

statistical part of both projects.  

I would like to thank my husband, my parents, and my uncle. Their love and guidance always support 

me.  

Finally, I would like to thank the participants of all the projects, without whom this thesis would not be 

possible. 

  



 32 

 

 
 

Curriculum Vitae 

Personal Data  

Date of Birth:  May 10th, 1984 

Place of Birth: Taichung, Taiwan 

Education 

2002 – 2008 Faculty of Dentistry, Chung-Shan Medical University, Taichung, Taiwan 

2008             State examination and licensed in Taiwan as a dentist 

2016             Certificate of Specialist in Orthodontics, Taiwan 

2017             Licensed in Germany as a dentist 

2017-            Start of the doctoral thesis at the Ludwig-Maximilians-Universität 

2019             Certificate of Specialist in Orthodontics, Germany 

Work experience 

2008 – 2010 General practice in Chang-Gung memorial hospital, Taipei, Taiwan 

2010 – 2014 Specialization in orthodontics, Taichung Veterans’ General Hospital, Taichung, Taiwan  

2015             Visiting doctor in Methodist Hospital for computer-assisted planning of corrective oral                      

                     and maxillofacial surgery, Houston, Texas, USA 

2015             Visiting doctor at the Ludwig-Maximilians-Universität 

2019-            Private orthodontic practice in Dorfen, Germany 

 

  


