Nelskamp et al. BMC Medical Education (2021) 21:178
https://doi.org/10.1186/512909-021-02603-0 BMC Medica| Education

RESEARCH ARTICLE Open Access

Comparison of ‘Mental training’ and ®
physical practice in the mediation of a
structured facial examination: a quasi
randomized, blinded and controlled study

Arne Nelskamp', Benedikt Schnurr', Alexandra Germanyuk?, Jasmina Sterz’, Jonas Lorenz', Robert Sader',
Miriam Russeler® and Lukas B. Seifert'”

Check for
updates

Abstract

Background: The correct performance of a structured facial examination presents a fundamental clinical skill to
detect facial pathologies. However, many students are not adequately prepared in this basic clinical skill. Many
argue that the traditional ‘See One, Do One’ approach is not sufficient to fully master a clinical skill. ‘Mental Training’
has successfully been used to train psychomotor and technical skills in sports and other surgical fields, but its use in
Oral and Maxillofacial Surgery is not described. We conducted a quasi-experimental to determine if ‘Mental Training’
was effective in teaching a structured facial examination.

Methods: Sixty-seven students were randomly assigned to a ‘Mental Training’ and ‘See One, Do One’ group. Both
groups received standardized video instruction on how to perform a structured facial examination. The ‘See One,
Do One’ group then received 60 min of guided physical practice while the ‘Mental Training’ group actively
developed a detailed, stepwise sequence of the performance of a structured facial examination and visualized this
sequence subvocally before practicing the skill. Student performance was measured shortly after (T1) and five to 10
weeks (T2) after the training by two blinded examiners (E1 and E2) using a validated checklist.

Results: Groups did not differ in gender, age or in experience. The ‘Mental Training’ group averaged significantly
more points in T1 (pE1 =0.00012; pE2 = 0.004; dET =0.86; dE2 =0.66) and T2 (pE1 =0.04; pE2 =0.008, dE1 =0.37,
dE2 =0.64) than the ‘See One, Do One’ group. The intragroup comparison showed a significant (pE1 = 0.0002;
pE2 =0.06, dET =1.07;, dE2 =0.50) increase in clinical examination skills in the ‘See One, Do One’ group, while the
‘Mental Training’ group maintained an already high level of clinical examination skills between T1 and T2.

Discussion: ‘Mental Training’ is an efficient tool to teach and maintain basic clinical skills. In this study ‘Mental
Training’ was shown to be superior to the commonly used ‘See One, Do One’ approach in learning how to perform
a structured facial examination and should therefore be considered more often to teach physical examination skills.
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Background

Practical skills must be learned by every medical student
regardless of her or his future specialization [1]. How-
ever, studies show that students consider the training of
practical skills in the context of their medical education
as insufficient [2] and there are still shortcomings in the
training of basic clinical skills such as the physical exam-
ination in undergraduate medical education [3-5]. Al-
though, many authors have demonstrated deficits in the
training of clinical skills, the methodological approaches
in teaching methods to impart competencies in those
skills are not completely elaborate. Therefore, it is neces-
sary to find effective educational strategies for each clin-
ical skill.

In medical education, clinical skills are traditionally
taught using the ‘See One, Do One’ method. In 1889,
Halsted introduced a system in which medical students
completed a university-sponsored, hospital-based surgi-
cal training program [6]. Halsted’s model of ‘See One,
Do One, Teach One’ is based on acquiring increasing
amounts of responsibility that culminate in near inde-
pendence. Halsted was not only interested in developing
a system to train surgeons, but also in creating teachers
and role models [7]. Today this approach is labelled as
the main component of clinical-bedside teaching.
Students learn by watching an expert explaining and
demonstrating a skill. This is followed by the first inde-
pendent performance of the skill, which is mostly with a
patient [7]. Although this method has been obviously
proven to be effective, reality is forcing us to establish
new teaching methods. The enormous workload includ-
ing reduced lengths of stay in hospital combined with
increasing case numbers, growing multimorbidity and
increased complexity of treatments leads to significantly
reduced chances for bedside teaching [8]. Often, the im-
portant last step ‘Teach one’ is often omitted or is
undertaken without supervision in everyday clinical
practice. Further, the health care system is facing in-
creased economic pressure and scarcity of resources [9].

Thus, it would be optimal to establish a teaching
method that does not involve many resources. Recently
there has been a growing understanding that cognitive
abilities, such as problem solving and movement-
planning, play a crucial role in learning practical skills
[10, 11]. This has resulted in a shift away from training
methods that exclusively focus on the acquisition of
motor skills but rather target the actual thought process
when performing a clinical skill. This way of cognitive or
mentally training in a certain skill has long been estab-
lished in sports [12, 13] and has also been shown to be
beneficial in the retrieval of motor abilities in rehabilita-
tive medicine [14]. A reason discussed for its effective-
ness resides in Janerod’s simulation theory [15] which
hypotheses that the motor system is also part of a bigger
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cognitive network which includes various psychological
activities. During this ‘Mental Training’, similar neural
pathways are activated and similar changes in the brain
take place as when actually performing a motor skill as
functional MRI investigations have shown [15, 16]. This
explains why ‘Mental Training’ can directly improve
motor skills and induce a similar neuroplasticity as phys-
ical practice and thus can help to close the gap between
the observation and the execution of a skill [17].

‘Mental Training’ has already been used successfully in
the mediation of clinical skills and surgical training [17—
20]. An influential study by Arora et al. [21] showed that
participants who practiced with a standardized mental
imaginary script showed greater improvements in learn-
ing laparoscopic cholecystectomies compared to a con-
trol group that participated in online lecture training.
These results were supported by Immenroth et al., who
demonstrated that mental rehearsal led to significantly
better performance results compared to practical train-
ing in the mediation of laparoscopic cystectomies [19].
Despite these results, not all studies report a beneficial
effect from ‘Mental Training’. Studies by Jungmann et al.
and Sanders et al., for example, found no significant ef-
fect of ‘Mental Training’ compared to physical practice
in the acquisition of laparoscopic knot-tying and basic
surgical skills [22, 23].

In 2015, Rao et al. published a meta-analysis investi-
gating ‘Mental Training’ in medical under- and post-
graduate education for the training of practical skills
[24]. Their analysis showed a great heterogeneity regard-
ing the chosen methodology and design of the training
process and also the skills that had to be learned widely
differed. Furthermore, it is unclear if ‘Mental Training’
really presents an advantage in the training of clinical
skills compared to traditional teaching methods.

Therefore, the aim of this study was to prospectively
investigate the teaching efficacy of two teaching
methods, namely a ‘Mental Training’ approach (study
group) and the traditional ‘See One, Do One’ approach
(control group) in the short- and long-term acquisition
of a basic clinical skill in the field of Oral- and Maxillo-
facial Surgery, namely the structured facial examination
of the head and face. Another aim of this study was to
investigate the curricular (‘in vivo’) feasibility of the
‘Mental Training’ approach. The hypothesis of this study
was that ‘Mental Training’ would be equal compared to
the ‘See One, Do One’ approach.

Methods

Study design and participants

Overall, 67 (female 7 =49; male n = 18) 4th year dentis-
try students on a five-year program without previous ex-
perience in the field of Oral and Maxillofacial Surgery
were assigned quasi-randomly to a ‘Mental Training’
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group and a ‘See One, Do One’ group which was
regarded as a control (Fig. 1). Participation in the study
was voluntary and took place after written informed
consent, which was revocable at any time. Students were
blinded in relation to their knowledge of the didactic
principles used during their training as well as affiliation
to any study group. Basic data regarding student age,
sex, and duration of study were collected using a
questionnaire.

The study was conducted according to the ethical
principles of the Helsinki Declaration (Ethical Principles
for Medical Research Involving Human Subjects), and
the local ethics committee noted that no further ap-
proval was necessary.

Assignment of the students to the instructional
approaches

The assignment of students to one of the learning groups
with a maximum of 6 students per week occurred prior to
the Oral and Maxillofacial Surgery apprenticeship inde-
pendent of the authors and independent of study partici-
pation by the dean’s office. Groups were then assigned
alternately within the 10-week span of the apprenticeship
to one of the instructional approaches. This quasi-
randomized allocation of students was chosen due to the
curricular ‘in-vivo’ study design and intended to produce
similar groups.

Study protocol

The study was carried out within the Oral and Maxillo-
facial Surgery apprenticeship for dentistry students,
which includes a five-day rotation through every section
of the Department of Oral, Cranio-Maxillofacial and Fa-
cial Plastic Surgery, i.e. the operative room, the out-
patient clinic or the emergency department. Before
starting their rotation, students have to complete a prac-
tical skills training [25]. The aim is to give dentistry

Page 3 of 8

students a short overview of the most common reasons
for consultation in Oral and Maxillofacial Surgery and
prepare them for the upcoming clinic rotation. It is di-
vided into a theoretical part (240 min) in the morning
and practical skills training (240 min), during which the
study took place, in the afternoon. Trained practical
skills include performing a structured facial examination,
placing a venous catheter in the context of an emergency
treatment and placing an ‘Ernst ligature’ on a phantom
model. Lessons were held in small groups ranging from
five to six students.

‘See One, Do One’ approach

As quality assurance and standardization for the demon-
stration of a structured facial examination, the skill was
videotaped based on the existing manual and checklist.
The trainer demonstrated the video and explained the
performance of a structured facial examination step-by
step in detail. The explanations were predetermined in
the manual and trained in the tutor training, which was
identical for both approaches. Subsequently, students
practiced the skill on each other under supervision and,
if needed, correction of the tutor. Each student was ad-
vised to perform the structured facial examination at
least once. In total the training lasted for 60 min.

‘Mental training’ approach

For the ‘Mental Training’ approach, the students re-
ceived the same standardized video instruction of a
structured facial examination. Subsequently, students
practiced the skill under the supervision and, if needed,
correction of the tutor for 30 min. Students then actively
developed an individual detailed, stepwise sequence of
the performance of a structured facial examination
under the supervision and review of the tutor. Students
were free to divide the skill into individual sub-steps
which they noted on index cards. This process of
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Fig. 1 Study design and execution
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creating an individual ‘mental map’ was supervised by
tutor who would integrate missing steps or correct the
sequence, if necessary. Students then visualized and in-
ternalized every step of the individual mental map in
subvocal for 30 min. In total the training lasted for 60
min.

Performance measurement

In order to assess the acquired competence in perform-
ing a structured facial examination, the OSCE-format
was used during the training week directly after the
intervention in the last 60 min of the practical skills
training (T1) as a single station OSCE and 5 to 10 weeks
later (T2) as part of a curricular and formative Oral and
Maxillofacial Surgery OSCE (8 stations in total). A three
point scale scale was used (0 points for not done, 1 point
for done, but incorrect, 2 points for done and correct)
for the checklist, which was based on the checklist used
in the tutor manual (Supplement 1). In total, the check-
list consisted of 24 items, which equals a maximum
score of 48 points. The checklists implemented had been
primarily piloted in previous undergraduate trainings
that were not related to the mental training approach. In
addition, the content validity was ensured through its
creation as part of an expert workshop with didactic and
surgical experts as well as through repeated application
and adaption in the context of previous studies [25, 26]
and OSCE exams. A timeframe of 5min to complete
each OSCE station was given.

Both at T1 and T2, students were video-recorded
(Camera System: Panasonic HC-X929) for later perform-
ance measurement by two independent, blinded exam-
iners with different levels of experience (Rater 1: Oral
and Maxillofacial Surgery resident in year four of a five-
year training; Rater 2: Oral and Maxillofacial Surgery
resident in year three of a five-year training).

Data analysis

Microsoft Office 2016 (Microsoft Office 2007,© Micro-
soft Corporation, Redmond, USA) for Mac and SPSS
Statistics version 19 (IBM, Armonk, USA) were used for
the statistical analysis and graphical display of data.

To test for a normal distribution of the data, the
Shapiro-Wilks-Test was used. Since the test results for
both groups were not normally distributed at all times,
the Mann-Whitney-U-Test for non-parametric data was
used to test for significant differences in learning success
in the inter- and intragroup comparison at T1 and T2.
Furthermore, effect sizes were calculated for T1 to T2
using Cohens d. Cohen’s d is defined as the difference
between two means divided by a standard deviation for
the data resulting in an unitless value that helps to inter-
pret the effect size of observed results and hence the
statistical power of a study. For most types of effect
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sizes, a larger absolute value indicates a stronger effect.
Since the sample size (7 = 67) of our study was relatively
small, Cohen’s d was used as an additional control test
since prior studies have shown significant test results
alone are not sufficient to interpret data and draw con-
clusions from this data [27]. The inter-rater reliability
was measured using Pearson’s correlation coefficient (r).

Since there was a gender imbalance between female
and male study participants, a gender analysis was con-
ducted to investigate the effect of this imbalance on the
outcome of the different tests, comparing the results of
all female and male study participants.

Sample size estimation

Based on prior examination results from the years before
the intervention, we estimated an average student per-
formance of 70% with a standard deviation of 10% in the
OSCE. Based on the following parameters (Mean ‘Men-
tal Training’ = 33, Mean ‘See One, Do One’ = 30, SD =5,
alpha=0.05, beta=0.2) a sample size of 88 was
calculated.

Results

Study participants

Overall, 67 (f=49; m = 18) students agreed to participate
in the study. A total of 29 students (m=8, w=21)
belonged to the ‘See One, Do One’ group while 38 stu-
dents (m =11, w=29) were trained using the ‘Mental
Training’ approach. Students from the ‘See One, Do
One’ group (average age=25,2, average duration of
study = 8,5 semesters) did not significantly differ in base-
line characteristics compared to the ‘Mental Training’
group (average age = 24,8, average duration of study = 8,
5 semesters). The gender distribution corresponded the
gender distribution at Goethe University’s Dental School
[27]. All students (f =49; m = 18) participated in the cur-
ricular OSCE 5-10weeks after the intervention. Both
teaching interventions could be carried out in a curricu-
lar setting with a 100% participation rate in the given
timeframe without any complications.

Outcome measures

At T1, students who had been trained with the ‘Mental
Training’ approach showed highly significant better re-
sults in the performance of a structured facial examin-
ation (Rater 1 p<0.001; Cohen’s d=0.86; Rater 2 p =
0.005; Cohen’s d = 0.66, r = 0.74) than students who had
been trained with the ‘See One, Do One’ approach
(Table 1). In the long-term retention test 5—10 weeks
after the intervention (T2), students who had been
trained with the ‘Mental Training’ approach again
showed significantly better results than students who
had been trained with the ‘See One, Do One’ approach
(Rater 1 p<0.05; Cohen’s d=0.38; Rater 2 p=0.008;
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Table 1 Average scores obtained by the ‘Mental Training’ (MT) and ‘See One, Do One’ (SODO) group in the OSCE (48 possible
points) and corresponding significance levels. Data are presented as Mean + SD

Group T1 T2 P-Value Effect Size (Cohen’s d)
Rater 1 MT 389 40.1 0.10 (M) 035
(x65) (£ 44)
SODO 335 39.2 0.0002 (M) 1.07
(£59) (£ 4.6)
P-Value 0.00012 (M) 0.04 (M)
Effect Size (Cohen's d) 0.86 038
Rater 2 MT 37.7 40 0.06 (M) 063
(£ 6.0) (£59
SODO 336 36.6 0.06 (M) 0.50
(£ 65) (£55)
P-Value 0.004 (M) 0.008 (M)
Effect Size (Cohen’s d) 0.66 0.64
(M) = Mann-Whitney-White U test for ordinally distributed data
(T1) =directly after the intervention, (T2) =five to ten weeks after the intervention
Cohen’s d=0.64, r=0.64) (Table 1). The intragroup Discussion

comparison between T1 and T2 revealed a significant in-
crease in clinical examination skills in the ‘See One, Do
One’ group (Rater 1 p <0.001; Cohen’s d = 1.07; Rater 2
p =0.06; Cohen’s d =0.50) (Table 1). The ‘Mental Train-
ing’ group did not show a significant growth in clinical
examination skills from T1 to T2 (Rater 1 p<0.10;
Cohen’s d=0.35; Rater 2 p=0.06; Cohen’s d=0.63)
(Table 1). However, this group was able to maintain a
very high level of competence from T1 to T2 (Table 1).

Gender analysis
Overall, no significant differences were found between
female and male students at T1 and T2. Only Rater 1
found a significant difference at T1 between both gen-
ders (Table 2).

The correct performance of a structured facial examin-
ation represents a fundamental basic clinical skill that is
of great importance for the ongoing physician because of
the high frequency of craniofacial trauma (48.1% of all
injuries with an Abbreviated Injury Scale > 3) [28, 29] es-
pecially since previous studies have shown significant
shortcomings regarding Oral and Maxillofacial Surgery-
related knowledge and skills in undergraduate education
[30-32]. The aim of this study was to prospectively in-
vestigate the teaching efficacy of two teaching methods,
namely a ‘Mental Training’ approach (study group) and
the traditional ‘See One, Do One’ approach (control
group) in the short- and long-term acquisition of the
above-mentioned basic clinical skill. Another aim of this
study was to investigate the curricular (‘in vivo’) feasibil-
ity of the ‘Mental Training’ approach.

Table 2 Average scores obtained by female and male students in the OSCE (48 possible points) and corresponding significance

levels. Data are presented as Mean + SD

Gender T1 T2 P-Value Effect Size (Cohen’s d)
Rater 1 male 353 38.1 0.0005 (M) 0.56
(+ 56) (+42)
female 364 406 0.002 (M) 0.74
(£ 6.5) (£ 46)
P-Value 0.03 (M) 0.06 (M)
Effect Size (Cohen's d) 0.18 0.56
Effect Size (Cohen’s d) 0.18 0.56
Rater 2 male 358 373 0.05 (M) 0.26
(+49) (+ 64)
female 355 38.7 0.02 (M) 0.52
(+ 6.6) (+5.5)
P-Value 011 (M) 0.13 (M)
Effect Size (Cohen’s d) 0.05 023

(M) = Mann-Whitney-White U test for ordinally distributed data

(T1) =directly after the intervention, (T2) =five to ten weeks after the intervention
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Overall, our results revealed significant performance
differences between both groups in the short-term
examination (T1) in favor of the ‘Mental Training’
group. Furthermore, the examination 5-10 weeks later
(T2) revealed a significantly better long-term learning
retention of the acquired practical skills for this group.
Students in the control group, however, had also signifi-
cantly improved their level of competence by the long-
term comparison. The implementation of the ‘Mental
Training’ approach in a curricular setting was completely
feasible within the given timeframe for the Oral and
Maxillofacial ~Surgery apprenticeship for dentistry
students.

Interestingly, the control group had significantly im-
proved its performance by the long-term examination at
T2 while the study group managed to maintain a high
performance level. The performance assessment at T2 as
part of a curricular and formative surgical OSCE might
have led to led to the significant performance improve-
ment of the control-group in the long-term comparison
measured. Raupach et al. described this phenomenon be-
fore and found that an examination itself can signifi-
cantly enhance student performance independent of the
chosen instructional approach [33].

We believe a possible reason for the found performance
differences in favor of the ‘Mental Training’ approach in
the short- and long-term measurement is the active
visualization and verbalization in subvocal of the previ-
ously defined steps for a structured facial examination.
The active imagination of the performance of a complex
motor skill might be a reason for the better performance
by the study group since students were forced to cogni-
tively process and memorize each step of the skill before
performing it. Previous studies came to similar conclu-
sions [15—17]. For example, Janerod et al. hypothesized in
their simulation theory that the motor system is part of a
bigger cognitive network which includes various psycho-
logical activities [15]. They concluded that during mental
training for a motor skill, similar neural pathway are acti-
vated and similar changes in the brain take place as when
actually performing a motor skill. This hypothesis has
been supported by functional MRI investigations. For ex-
ample Seiler et al. could show similar brain activation pat-
terns during arm rotation tasks while mentally training
them [16]. This could explain why ‘Mental Training led
to a significant improvement in our study group and was
even shown to be superior compared to the control group
regarding the acquisition of a basic clinical skill since it
not only induced a similar neuroplasticity as physical prac-
tice in the ‘See One, Do One’ approach but may also have
helped to close the gap between the observation and the
execution of a complex skill [17].

There is a great heterogeneity regarding the impact of
‘Mental Training’ in surgical education in the current
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literature. There are randomized and controlled studies
that have shown that Mental Training led to significantly
better performance results in the mediation of laparo-
scopic cystectomies [19, 21]. However, not all studies
that investigated ‘Mental Training’ in surgical education
reported beneficial effects. In the mediation of laparo-
scopic knot-tying or surgical suturing and knot-tying no
significant effect of ‘Mental Training’ compared to phys-
ical practice could be found [22, 23]. A possible explan-
ation for this heterogeneity of outcome measures
regarding ‘Mental Training’ might be the degree of com-
plexity of a certain trained motor skill. Compared to the
performance of a structured facial examination or the
performance of a laparoscopic cystectomy, there are
fewer steps when performing a simple surgical suture
which also leaves less room for mistakes. This difference
in complexity might explain why ‘Mental Training’ is es-
pecially suitable for more complex motor skills. Future
studies have to investigate for what degree of complexity
and which motor skills in particular mental training is
superior compared to physical practice or other ap-
proaches like the use of teaching associates [34].

Overall, we could show that ‘Mental Training’ is sig-
nificantly more effective than the traditional ‘See One,
Do One’ approach in training for a structured facial
examination and also led to significantly better know-
ledge retention in the long-term. Moreover, we demon-
strated a ‘Mental Training’ protocol that was feasible in
a curricular ‘in vivo’ setting with a given timeframe for
teaching small groups.

Limitations and strengths

Due to the limited curricular timeframe an objective as-
sessment prior to the intervention could not be carried
out which can be viewed as shortcoming of our study.
However, both groups were naive in terms of their
knowledge on how to perform a structured facial exam-
ination and did not significantly differ in gender, age or
academic success, which indicates that they were equiva-
lent prior to the intervention. The sample size (n =67
students) might be another limitation to the statistical
power of the study.

However, compared to other studies, the present study
was quasi-randomized, controlled, blinded, carried out
within a curricular framework and assessed student per-
formance over a six- to ten-week span. Moreover, it in-
cluded an entire cross-section of an 8th semester at an
accredited dental school. Future studies have to investi-
gate whether our results can be transferred to other sub-
jects and faculties.

Conclusion
To our knowledge, this study is the first to have com-
pared ‘Mental Training’ with the often used ‘See One,
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Do One’ approach in the mediation of a structured facial
examination within a curricular framework.

‘Mental Training’ is significantly more effective than
the ‘See One, Do one’ approach in the mediation of a
structured facial examination in the short-and long-term
and its implementation within a larger scale of students
was completely possible.

Abbreviation
OSCE: Objective Structured Clinical Examination

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512909-021-02603-0.

Additional file 1: Supplement 1. OSCE Checklist — Structured Facial
Examination.

Acknowledgements
The authors would like to thank all students that participated in the study.

Authors’ contributions

All Authors (AN, BS, AG, JS, RS, MR and LS) had a relevant contribution to the
manuscript and have read and approved the final manuscript. LS was
responsible for study conception and design. AN performed the data
collection and statistical analysis. All authors read, edited and approved the
final manuscript.

Funding
This study was not funded. Open Access funding enabled and organized by
Projekt DEAL.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved as a program evaluation by the Ethical Commission
of the University Hospital Frankfurt (Goethe University) since it didn't involve
biomedical research within the meaning of the Declaration of Helsinki. All
participants of the study gave their written consent for participation, which
they could withdraw at any time.

Consent for publication
Not applicable since no individual person’s data was included in the
manuscript.

Competing interests

All authors declare that they have no financial or non-financial competing in-
terests that might create a conflict of interest with the information presented
in this article. One of the authors (MR) is also a member of BMC Medical Edu-
cation'’s editorial board.

Author details

'Department of Oral, Cranio-Maxillofacial, and Facial Plastic Surgery, Goethe
University, Theodor-Stern-Kai 7, 60590 Frankfurt, Germany. 2Departr‘nem of
Urology, Medical Faculty of Saarland University, Saarbrticken, Germany.
*Department of Trauma, Reconstructive and Hand Surgery, Goethe
University, Frankfurt, Germany.

Page 7 of 8

Received: 2 May 2020 Accepted: 9 March 2021
Published online: 23 March 2021

References

1. Goodwin J. The importance of clinical skills. BMJ. 1995;310(6990):1281-2.
https://doi.org/10.1136/bm;j.310.6990.1281.

2. Kaur N, Gupta A, Saini P. A needs assessment study of undergraduate
surgical education. Natl Med J India. 2011,24:292-3.

3. Goodfellow PB, Claydon P. Students Sitting Medical Finals—Ready to be
House Officers? J R Soc Med. 2001;94:516-20 [cited 2020 Mar 26] Available
from: http://journals.sagepub.com/doi/10.1177/014107680109401007.

4. Ladak A, Hanson J, de Gara CJ. What procedures are students doing during
undergraduate surgical clerkship? Can J Surg. 2006;49:329-34 [cited 2020
mar 26] Available from: http://www.ncbi.nlm.nih.gov/pubmed/17152570.

5. Liddell MJ, Davidson SK, Taub H, Whitecross LE. Evaluation of procedural
skills training in an undergraduate curriculum. Med Educ. 2002,36:1035-41
[cited 2020 Mar 26] Available from: http://doi.wiley.com/10.1046/j.1365-2
923.2002.01306.x.

6. Cameron JL. William Stewart Halsted: Our surgical heritage. Ann Surg. 1997;
225:445-58.

7. Kotsis SV, Chung KC. Application of the &quot;see one, do one, teach
one&quot; concept in surgical training. Plast Reconstr Surg. 2013;131:1194—
201 [cited 2018 Oct 11] Available from: http://www.ncbi.nlm.nih.gov/
pubmed/23629100.

8. Marburger Bund Monitoring 2017. [cited 2017 Nov 20]. Available from:
https://www.marburger-bund.de/der-marburger-bund/projekte-und-kampa
gnen/mitgliederbefragung/2017

9. Frenk J, Chen L, Bhutta ZA, Cohen J, Crisp N, Evans T, et al. Health
professionals for a new century: Ttransforming education to strengthen
health systems in an interdependent world. Lancet; 2010. p. 1923-1958.

10.  Kahol K, Smith M, Mayes S, Deka M, Deka V, Ferrara J, et al. The effect of
fatigue on cognitive and psychomotor skills of surgical residents. Lect Notes
Comput Sci (including Subser Lect Notes Artif Intell Lect Notes
Bioinformatics). Springer, Berlin, Heidelberg; 2007. p. 304-13.

11. Yule S, Flin R, Paterson-Brown S, Maran N, Rowley D. Development of a
rating system for surgeons’ non-technical skills. Med Educ. 2006;40:1098-
104 [cited 2020 Mar 26] Available from: http://doiwiley.com/10.1111/j.13
65-2929.2006.02610.x.

12. Sevdalis N, Moran A, Arora S. Mental imagery and mental practice
applications in surgery: State of the art and future directions. Multisensory
Imag. Springer New York; 2013. p. 343-63.

13. Wingdfield LR, Kulendran M, Chow A, Nehme J, Purkayastha S. Cognitive Task
Analysis: Bringing Olympic Athlete Style Training to Surgical Education. Surg
Innov. 2015;22:406-17 [cited 2020 Mar 26] Available from: http://www.ncbi.
nim.nih.gov/pubmed/25392150.

14.  Cicerone KD, Langenbahn DM, Braden C, Malec JF, Kalmar K, Fraas M, et al.
Evidence-based cognitive rehabilitation: Updated review of the literature
from 2003 through 2008. Arch. Phys. Med. Rehabil; 2011. p. 519-530.

15. Schinke R, McGannon K, Smith B. Routledge international handbook of
sport psychology. 2016 [cited 2020 Mar 26]. Available from: https://books.
google.com/books?hl=en&lr=&id=MneFCwAAQBAJ&oi=fnd&pg=PP1&dg=
Moran+A +Expertise+and+mental+practice +In-+Schinke+RJ+McGannon+
KR +Smith+B,+editors.+The+Routledge-+international+handbook+of+sport+
psychology.+Routledge.+13.&ots=bFio6t3nTi&sig=t0-eShQpcGZF _
V5PCChsmdzT3Es.

16.  Seiler BD, Monsma EV, Newman-Norlund RD. Biological evidence of imagery
abilities: Intraindividual differences. J Sport Exerc Psychol. 2015;37:421-35.

17.  Eberspéacher H, Immenroth M. [Mental training--does it also help the
modern surgeon?]. Zentralbl Chir. 1999;124:895-901. [cited 2020 Mar 26]
Available from: http://www.ncbi.nlm.nih.gov/pubmed/10596047.

18. Mayer J, Bohn J, Gorlich P, Eberspacher H. Mentales Gehtraining -
Wirksamkeit eines Therapieverfahrens in der Rehabilitation nach
Huftendoprothetik. Z Orthop Ihre Grenzgeb. 2005;143:419-23 [cited 2020
Mar 26] Available from: http://www.thieme-connect.de/DOI/DOI?10.1055/5-2
005-836829.

19.  Immenroth M, Birger T, Brenner J, Nagelschmidt M, Eberspacher H, Troid|
H. Mental training in surgical education: A randomized controlled trial. Ann
Surg. 2007,245:385-91.

20. Komesu Y, Urwitz-Lane R, Ozel B, Lukban J, Kahn M, Muir T, et al. Does
mental imagery prior to cystoscopy make a difference? A randomized
controlled trial. Am J Obstet Gynecol. 2009;201:218 e1-218.9. [cited 2018


https://doi.org/10.1186/s12909-021-02603-0
https://doi.org/10.1186/s12909-021-02603-0
https://doi.org/10.1136/bmj.310.6990.1281
http://dx.doi.org/10.1177/014107680109401007
http://www.ncbi.nlm.nih.gov/pubmed/17152570
http://dx.doi.org/10.1046/j.1365-2923.2002.01306.x
http://dx.doi.org/10.1046/j.1365-2923.2002.01306.x
http://www.ncbi.nlm.nih.gov/pubmed/23629100
http://www.ncbi.nlm.nih.gov/pubmed/23629100
https://www.marburger-bund.de/der-marburger-bund/projekte-und-kampagnen/mitgliederbefragung/2017
https://www.marburger-bund.de/der-marburger-bund/projekte-und-kampagnen/mitgliederbefragung/2017
http://dx.doi.org/10.1111/j.1365-2929.2006.02610.x
http://dx.doi.org/10.1111/j.1365-2929.2006.02610.x
http://www.ncbi.nlm.nih.gov/pubmed/25392150
http://www.ncbi.nlm.nih.gov/pubmed/25392150
https://books.google.com/books?hl=en&lr=&id=MneFCwAAQBAJ&oi=fnd&pg=PP1&dq=Moran+A.+Expertise+and+mental+practice.+In:+Schinke+RJ,+McGannon+KR,+Smith+B,+editors.+The+Routledge+international+handbook+of+sport+psychology.+Routledge.+13.&ots=bFio6t3nTi&sig=t0-eShQpcGZF_V5PCCbsmdzT3Es
https://books.google.com/books?hl=en&lr=&id=MneFCwAAQBAJ&oi=fnd&pg=PP1&dq=Moran+A.+Expertise+and+mental+practice.+In:+Schinke+RJ,+McGannon+KR,+Smith+B,+editors.+The+Routledge+international+handbook+of+sport+psychology.+Routledge.+13.&ots=bFio6t3nTi&sig=t0-eShQpcGZF_V5PCCbsmdzT3Es
https://books.google.com/books?hl=en&lr=&id=MneFCwAAQBAJ&oi=fnd&pg=PP1&dq=Moran+A.+Expertise+and+mental+practice.+In:+Schinke+RJ,+McGannon+KR,+Smith+B,+editors.+The+Routledge+international+handbook+of+sport+psychology.+Routledge.+13.&ots=bFio6t3nTi&sig=t0-eShQpcGZF_V5PCCbsmdzT3Es
https://books.google.com/books?hl=en&lr=&id=MneFCwAAQBAJ&oi=fnd&pg=PP1&dq=Moran+A.+Expertise+and+mental+practice.+In:+Schinke+RJ,+McGannon+KR,+Smith+B,+editors.+The+Routledge+international+handbook+of+sport+psychology.+Routledge.+13.&ots=bFio6t3nTi&sig=t0-eShQpcGZF_V5PCCbsmdzT3Es
https://books.google.com/books?hl=en&lr=&id=MneFCwAAQBAJ&oi=fnd&pg=PP1&dq=Moran+A.+Expertise+and+mental+practice.+In:+Schinke+RJ,+McGannon+KR,+Smith+B,+editors.+The+Routledge+international+handbook+of+sport+psychology.+Routledge.+13.&ots=bFio6t3nTi&sig=t0-eShQpcGZF_V5PCCbsmdzT3Es
https://books.google.com/books?hl=en&lr=&id=MneFCwAAQBAJ&oi=fnd&pg=PP1&dq=Moran+A.+Expertise+and+mental+practice.+In:+Schinke+RJ,+McGannon+KR,+Smith+B,+editors.+The+Routledge+international+handbook+of+sport+psychology.+Routledge.+13.&ots=bFio6t3nTi&sig=t0-eShQpcGZF_V5PCCbsmdzT3Es
http://www.ncbi.nlm.nih.gov/pubmed/10596047
http://dx.doi.org/10.1055/s-2005-836829
http://dx.doi.org/10.1055/s-2005-836829

Nelskamp et al. BMC Medical Education

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

32.

33.

34,

(2021) 21:178

Jul 13] Available from: http:/linkinghub.elsevier.com/retrieve/pii/S000293
7809003949.

Arora S, Aggarwal R, Sirimanna P, Moran A, Grantcharov T, Kneebone R,

et al. Mental Practice Enhances Surgical Technical Skills. Ann Surg. 2011;253:
265-70 [cited 2018 Jul 13] Available from: http://insights.ovid.com/crossref?a
n=00000658-201102000-00009.

Jungmann F, Gockel |, Hecht H, Kuhr K, Résénen J, Sihvo E, et al. Impact of
Perceptual Ability and Mental Imagery Training on Simulated Laparoscopic
Knot-Tying in Surgical Novices Using a Nissen Fundoplication Model. Scand
J Surg. 2011;100:78-85 [cited 2018 Jul 13] Available from: http://journals.sa
gepub.com/doi/10.1177/145749691110000203.

Sanders CW, Sadoski M, van Walsum K, Bramson R, Wiprud R, Fossum TW.
Learning basic surgical skills with mental imagery: using the simulation
centre in the mind. Med Educ. 2008;42:607-12 [cited 2018 Jul 13] Available
from: http://doi.wiley.com/10.1111/j.1365-2923.2007.02964 x.

Rao A, Tait I, Alijani A. Systematic review and meta-analysis of the role of
mental training in the acquisition of technical skills in surgery. Am J Surg.
2015;210:545-53 [cited 2018 Jul 13] Available from: http://linkinghub.
elsevier.com/retrieve/pii/S0002961015002263.

Landes CA, Hoefer S, Schuebel F, Ballon A, Teiler A, Tran A, Weber R,
Walcher F, Sader R. Long-term prospective teaching effectivity of practical
skills training and a first OSCE in cranio maxillofacial surgery for dental
students. J Craniomaxillofac Surg. 2014;42(5):e97-104. https://doi.org/10.101
6/jjcms.2013.07.004.

Hofer SH, Schuebel F, Sader R, Landes C. Development and implementation
of an objective structured clinical examination (OSCE) in CMF-surgery for
dental students. J Craniomaxillofac Surg. 2013;41(5):412-6. https://doi.org/1
0.1016/jjcms.2012.11.007.

STUDIERENDENSTATISTIK Sommersemester 2020. Available from: www.sta
tkap.uni-frankfurt.de

Moses H, Powers D, Keeler J, Erdmann D, Marcus J, Puscas L, et al.
Opportunity Cost of Surgical Management of Craniomaxillofacial Trauma.
Craniomaxillofacial Trauma Reconstr. 2015;09:076-81. [cited 2017 Jul 31]
Available from: http://www.ncbi.nlm.nih.gov/pubmed/26889352.
Traumaregister DGU. 2017 [cited 2017 Nov 7]; Available from: http//www.
traumaregister-dgu.de/fileadmin/user_upload/traumaregister-dgu.de/docs/
Downloads/TR-DGU-Jahresbericht_2017.pdf

Seifert LB, Hoefer SH, Flammiger S, Russeler M, Thieringer F, Ehrenfeld M,
et al. A nationwide survey of undergraduate training in oral and
maxillofacial surgery. Oral Maxillofac Surg. 2018;1-8. [cited 2018 May 25]
Available from: http//link.springer.com/10.1007/510006-018-0703-0

Seifert LB, Sterz J, Bender B, Sader R, Ruesseler M, Hoefer SH. Undergraduate
medical students need more training in craniomaxillofacial surgery: a
comparative study between medical and dental students. Innov Surg Sci.
2017 [cited 2017 Nov 7]; Available from: https://www.researchgate.net/
profile/Lukas_Seifert2/publication/318881199_Undergraduate_medical_
students_need_more_training_in_craniomaxillofacial_surgery_a_compara
tive_study_between_medical_and_dental_students/links/5988949daca272
66ada4d600/Undergraduate

Ologunde R, Sykes M. A review of oral and maxillofacial surgery journals’
contribution to undergraduate surgical education. Br J Oral Maxillofac Surg.
2014;52:894-900 [cited 2017 Mar 23] Available from: http:/linkinghub.
elsevier.com/retrieve/pii/S0266435614005609.

Raupach T, Brown J, Anders S, Hasenfuss G, Harendza S. Summative
assessments are more powerful drivers of student learning than resource
intensive teaching formats. BMC Med. 2013;11:61 [cited 2017 Nov 26]
Available from: http://bmcmedicine biomedcentral.com/articles/10.1186/1
741-7015-11-61.

Hoefer SH, Sterz J, Bender B, Stefanescu M-C, Theis M, Walcher F, et al.
Conveying practical clinical skills with the help of teaching associates—a
randomised trial with focus on the long term learning retention. BMC Med
Educ. 2017;17:65 [cited 2018 Apr 11] Available from: http://www.ncbi.nim.
nih.gov/pubmed/28351359.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


http://linkinghub.elsevier.com/retrieve/pii/S0002937809003949
http://linkinghub.elsevier.com/retrieve/pii/S0002937809003949
http://insights.ovid.com/crossref?an=00000658-201102000-00009
http://insights.ovid.com/crossref?an=00000658-201102000-00009
http://dx.doi.org/10.1177/145749691110000203
http://dx.doi.org/10.1177/145749691110000203
http://dx.doi.org/10.1111/j.1365-2923.2007.02964.x
http://linkinghub.elsevier.com/retrieve/pii/S0002961015002263
http://linkinghub.elsevier.com/retrieve/pii/S0002961015002263
https://doi.org/10.1016/j.jcms.2013.07.004
https://doi.org/10.1016/j.jcms.2013.07.004
https://doi.org/10.1016/j.jcms.2012.11.007
https://doi.org/10.1016/j.jcms.2012.11.007
http://www.statkap.uni-frankfurt.de
http://www.statkap.uni-frankfurt.de
http://www.ncbi.nlm.nih.gov/pubmed/26889352
http://www.traumaregister-dgu.de/fileadmin/user_upload/traumaregister-dgu.de/docs/Downloads/TR-DGU-Jahresbericht_2017.pdf
http://www.traumaregister-dgu.de/fileadmin/user_upload/traumaregister-dgu.de/docs/Downloads/TR-DGU-Jahresbericht_2017.pdf
http://www.traumaregister-dgu.de/fileadmin/user_upload/traumaregister-dgu.de/docs/Downloads/TR-DGU-Jahresbericht_2017.pdf
http://dx.doi.org/10.1007/s10006-018-0703-0
https://www.researchgate.net/profile/Lukas_Seifert2/publication/318881199_Undergraduate_medical_students_need_more_training_in_craniomaxillofacial_surgery_a_comparative_study_between_medical_and_dental_students/links/5988949daca27266ada4d600/Undergraduate
https://www.researchgate.net/profile/Lukas_Seifert2/publication/318881199_Undergraduate_medical_students_need_more_training_in_craniomaxillofacial_surgery_a_comparative_study_between_medical_and_dental_students/links/5988949daca27266ada4d600/Undergraduate
https://www.researchgate.net/profile/Lukas_Seifert2/publication/318881199_Undergraduate_medical_students_need_more_training_in_craniomaxillofacial_surgery_a_comparative_study_between_medical_and_dental_students/links/5988949daca27266ada4d600/Undergraduate
https://www.researchgate.net/profile/Lukas_Seifert2/publication/318881199_Undergraduate_medical_students_need_more_training_in_craniomaxillofacial_surgery_a_comparative_study_between_medical_and_dental_students/links/5988949daca27266ada4d600/Undergraduate
https://www.researchgate.net/profile/Lukas_Seifert2/publication/318881199_Undergraduate_medical_students_need_more_training_in_craniomaxillofacial_surgery_a_comparative_study_between_medical_and_dental_students/links/5988949daca27266ada4d600/Undergraduate
http://linkinghub.elsevier.com/retrieve/pii/S0266435614005609
http://linkinghub.elsevier.com/retrieve/pii/S0266435614005609
http://dx.doi.org/10.1186/1741-7015-11-61
http://dx.doi.org/10.1186/1741-7015-11-61
http://www.ncbi.nlm.nih.gov/pubmed/28351359
http://www.ncbi.nlm.nih.gov/pubmed/28351359

	Abstract
	Background
	Methods
	Results
	Discussion

	Background
	Methods
	Study design and participants
	Assignment of the students to the instructional approaches
	Study protocol
	‘See One, Do One’ approach
	‘Mental training’ approach
	Performance measurement
	Data analysis

	Sample size estimation

	Results
	Study participants
	Outcome measures
	Gender analysis

	Discussion
	Limitations and strengths

	Conclusion
	Abbreviation
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

