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Abstract

Background: The influence of music on the performance of surgical procedures such as laparoscopy is
controversial and methodologically difficult to quantify. Here, outcome measurements using laparoscopic box
training tools under standardized conditions might offer a feasible approach. To date, the effect of music exposure
at different sound pressure levels (SPL) on outcome has not been evaluated systematically for laparoscopic novices.

Methods: Between May 2017 and October 2018, n = 87 students (49 males, 38 females) from Heidelberg University
Medical School performed three different laparoscopy exercises using the “Luebecker Toolbox” that were repeated
twice under standardized conditions. Time was recorded for each run. All students were randomly assigned to four
groups exposed to the same music compilation but at different SPLs (50–80 dB), an acoustically shielded (earplug)
group, or a control group (no intervention).

Results: Best absolute performance was shown under exposure to 70 dB in all three exercises (a, b, c) with mean
performance time of 121, 142, and 115 s (p < 0.05 for a and c). For the control group mean performance times
were 157, 144, and 150 s, respectively. In the earplug group, no significant difference in performance was found
compared to the control group (p > 0.05) except for exercise (a) (p = 0.011).

Conclusion: Music exposure seems to have beneficial effects on training performance. In comparison to the
control group, significantly better results were reached at 70 dB SPL, while exposure to lower (50 or 60 dB) or
higher (80 dB) SPL as well as under acoustic shielding did not influence performance.
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Background
Laparoscopy represents the standard approach for many
gynecologic surgery procedures because of its advantages
over conventional laparotomy [1]. However, one major
factor influencing outcome and efficiency in laparo-
scopic surgery is training, especially for novices before
performing surgeries autonomously [2].
In contrast to a sheltered training setting, there are

many distractors that affect novices in particular in the
actual surroundings of an operating room (OR) and raise
stress levels during surgery. One of them might be
exposure to music played in the OR, which affects
beginners more than experienced surgeons [3]. In many
hospitals, it is common practice to play music in the OR
during surgical procedures [4, 5]. Findings have shown
that music might affect cognitive performance [6], but
limited data is known about its influence on surgical
performance. The influence of acoustic factors such as
music on laparoscopic technique performance is contro-
versial and methodologically difficult to quantify [7].
Here, outcome measurements performed by surgical
novices using laparoscopic box training tools under stan-
dardized conditions might offer a feasible approach to
answer this question.
Earlier studies of laparoscopic training show that the

learning curve is prolonged for novice and intermediate
surgeons [8] and that different learning curves exist, de-
pending on the level of laparoscopic training [9]. There
is a consensus that educational activities should be in-
tensified and an assessment of surgeons’ skills could be
introduced in order to ensure that the quality of treat-
ment is adequate, especially for training residents in
gynecology [10].
Here, simulators are accepted as an important means

of training and as an objective assessment of psycho-
motor performance. Standardized tasks can be practiced
repeatedly, and simulators provide unbiased and
objective measurement of surgery performance. Thus,
simulation-based training has become increasingly rele-
vant in laparoscopic gynecologic surgery training. In this
context, both box trainers and virtual reality simulators
seem to be equally effective as a means of teaching
laparoscopic skills to novice learners before entering the
OR [11].
In this study we applied standardized exercises on box

trainers for evaluating the performance of laparoscopic
novices who were exposed to music at different sound
pressure levels. To our knowledge, this effect on out-
come has not yet been evaluated systematically.

Methods
Participants and study design
For the study we recruited students at Heidelberg Uni-
versity Medical School at the end of their clinical

curriculum who were participating in a 4-week module
in Obstetrics and Gynecology at our hospital [12]. Dur-
ing these modules we offered a voluntary 90-min laparo-
scopic training course at our in-house skills lab. All
module participants were eligible. The number of partic-
ipants of each training course varied among the dates
offered, with a minimum of 4 to a maximum of 8 partic-
ipants at the same time accompanied by one tutor. As a
training tool we used the commercially available “Lue-
becker Toolbox” (LTB Ltd., Luebeck, Germany; http://
www.luebeck-toolbox.com). This system consists of a
laparoscopy training box including an integrated camera
(connected to a monitor), four standardized modules
with the possibility to perform six different exercises, as
well as associated didactic videos that are available on-
line [13]. We chose three exercises for the purpose of
our study: (a) “Pack Your Luggage” (PYL), (b) “Chinese
Jump Rope” (CJR), and (c) “Weaving” (WEA). A detailed
description of the exercises has already been published
by Laupert et al. [13, 14]. These three exercises offer
specific training in instrument handling, hand-eye co-
ordination, and bimanual and crossing instrument use.
All participants were given a short oral introduction on
general aspects of gynecologic laparoscopic surgery and
viewed instructional videos once for each exercise in
order to standardize the training procedure. For those
students with a dominant left hand, tasks were per-
formed in the opposite direction. Original grasping
forceps were used to perform the tasks (Karl Storz SE &
Co. KG, Tuttlingen, Germany). All three exercises were
performed in the same order and each exercise was re-
peated three times in a row. There was no training ses-
sion before. Performance was evaluated by measuring
the time needed to complete the exercise. For the pur-
pose of this study all students were randomly assigned
to different groups (at the time of the student’s registra-
tion for the course), either to one of the intervention
groups who were exposed to the same music compil-
ation (“Deep House Autumn Mix 2017- The Best Of
Vocal Deep House Nu Disco Music”, found on “You-
Tube”, uploaded Oct 08th 2017) but at different sound
pressure levels (SPL), i.e., exposure of 50 dB vs. 60 dB vs.
70 dB vs. 80 dB (dB), or the noise-shielded group with
no music exposure and using conventional foam ear-
plugs (ISO 4869). This additional intervention group
was set up to exclude the effect of surrounding noise in
comparison to the control group. In the control group
the participants performed all exercises under exposure
of regular surrounding noise (i.e. talking, noise deriving
from instrument handling, etc.). The choice of the music
compilation was made as this type of music is often
chosen by surgeons at our institutions through its
monotonic rhythm and the reserved use of vocal parts.
The study was conducted under standardized conditions,
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i.e. music exposure came from one standardized source
(SoundLink Mini Bluetooth Speaker; Bose, Germany) in
the middle of a closed rectangle room that was 9 × 3.5 m
in diameter. All participants had the same distance to
the sound source of around one meter. Respective SPLs
for each run were measured constantly with a calibrated
sound pressure meter (WT1357, Akozon Ltd., P.R.
China) and protocolled regularly every minute during
each exercise. Discrepancies in sound pressure levels
were adjusted immediately by the tutor. After finishing
the exercises, the participants were asked to complete a
short survey on statistical factors that might be related
to the performance in this study (e.g., handedness,
former experience in laparoscopic surgery during an in-
ternship, etc.) as well as to evaluate the exercise.
The study was designed as a prospective trial and

approved by the Heidelberg University Medical
School ethics committee (Register No. S618/2017).
All study participants provided written informed
consent. Course and study participation were volun-
tary. Participants were assigned to one of the study
groups randomly during the online registration
period for the laparoscopy training course according
to the time of registration on the different dates of-
fered throughout the semester. All data were col-
lected prospectively and handled anonymously for
statistical analyses.

Statistical analyses
Collected data were transferred to a database in Excel
(Microsoft Corporation; Redmond, USA). The statistical
analysis was carried out using SPSS® (SPSS Inc., IBM
Corporation; Chicago, Illinois, USA). All values given are
mean values, ranges, and standard deviation. The signifi-
cance test was carried out using the T-test to compare the
mean values in an independent sample. A p-value < 0.05
was considered statistically significant.

Results
Study participants
In total, n = 87 students took part in our study, 38
females (43.7%) and 49 males (56.3%). All participants
were undergraduate students at Heidelberg University
Medical School, most of them in the last clinical
semester (9th clinical semester: 51%), i.e., at the end
of their 5th year. Most of them did not have any
practical experience in laparoscopic surgery (67.8%).
Around 15% were left-handed, 85% right-handed. Be-
tween study groups no significant differences were de-
tected concerning age, gender, handedness, and
previous laparoscopy training experience. Table 1
shows detailed characteristics.

Performance under music exposure at different SPL
compared to the control group
In exercise (a) best absolute mean performance was
measured under exposure at 70 dB (121 s), which was
significantly better than the control group (157 s; p =
0.007). Furthermore, the groups exposed to music at 80
dB (125 s) and the sound-shielded group (122 s) were
significantly faster than the control group (p = 0.011).
For exercise (b), no significant difference in performance
between the groups was found, although the 70-dB
group performed best (142 s). In exercise (c), the 70-dB
group (115 s) again performed significantly better than
the control group (150 s; p = 0.010). All other interven-
tional groups showed no significant differences
compared to the control group. Table 2 and Figs. 1a-c
present detailed results for the three different laparo-
scopic exercises.

Relative performance improvements between first and
third run
The relative improvements seen in the third run in com-
parison to the first run for all exercises are shown in
Fig. 2. The highest relative improvements are seen for
exercise (a) at 60 dB (42.7%), for exercise (b) at 70 dB
(28.5%), and for exercise (c) at 80 dB (39.1%). However,
the t-test for the independent sample does not show
statistical significance (p = 0.05). Furthermore, overall
improvements for the different SPLs for all exercises be-
tween the first and third run were calculated. The

Table 1 Course participants characteristics (n = 87) [absolute
and percent]

Participant characteristics (n = 87)

Number [%]

Gender

female 38 43.7

male 49 56.3

Handedness

right 74 85.1

left 13 14.9

Semester

< 9th 15 17.2

9th 44 50.6

10th 15 17.2

> 10th 13 15.0

Overall previous laparoscopy training experience (hours)

none 59 67.8

≤ 5 16 18.4

6–10 7 8.0

> 10 5 5.7

Nees et al. BMC Medical Education          (2021) 21:209 Page 3 of 8



highest relative improvements are seen at 60 dB with
32.2%. Detailed results are presented in Fig. 3.

Subjective music perception
Concerning the post-hoc perception, 81.4% of all partici-
pants in the interventional groups did not feel distracted
by music during the exercises, revealing a significant dif-
ference between the groups (50 dB: 0% vs. 60 dB: 41.6%
vs. 70 dB: 0% vs. 80 dB: 50.0%). Moreover, overall course
satisfaction was high (9.2 out of 10.0 points).

Discussion
The positive effect of music in motivating people has
already been studied in a wide variety of areas of life, es-
pecially in physical leisure activities [15]. In therapeutic
settings, too, the beneficial effects of music are used, for
example, for pain management [16] or supportive ther-
apy in cancer patients [17]. From the perspective of the
occupational setting, music is also played at work: In
many hospitals, it is common practice to play music in
the OR during surgical procedures [4, 5]. Here, music is
being played in the background for the purpose of enter-
taining surgical staff, which must be distinguished from
music being played in the preoperative setting to reduce
anxiety among patients before surgery [18]. The decision
as to whether music will be played in the OR or the kind
of music that is chosen is predominantly the privilege of
the senior surgeon [19].
The effect of music in this specific occupational setting

is difficult to quantify. For other, nonhospital occupa-
tional settings, a study showed that background music is
likely to reduce worker attention and performance [20].
For the OR setting, findings have shown that music is
one of several mental distractors that might influence
surgical performance negatively, but results differ [21,
22]. A recent meta-analysis stated that the evidence to
definitively determine whether music has a beneficial ef-
fect on surgical performance in a simulated setting is
not sufficient [23]. When analyzing the effect of music
in the OR, music is often just one factor among others
comprising the general background noise there. The
amplitude of background noise, in turn, depends on the

specialty; e.g., an obstetrics OR has a comparably high
baseline noise level [24].
Nonetheless, it is difficult to quantify the effect of

music on surgical outcome. This is due to the varying
test persons (advanced surgeons vs. beginners), different
music genres and SPLs, as well as differing complexity of
the tasks to be performed [7]. Finally, there might be a
difference between measurement under standardized
training conditions (with usage of simulators) or in the
actual environment of an OR. In our study, we used a
standardized training setting for laparoscopic exercises
that were performed by surgical novices in order to con-
trol the relevant influencing factors. Laparoscopy is an
adequate tool because it combines manual and neuro-
cognitive requirements. The effect of noise (in general)
on laparoscopic performance specifically is controversial.
For experienced surgeons, one study showed that back-
ground noise at 113 dB had a negative impact on surgi-
cal laparoscopic performance [25], whereas another
study on the effect of noise at 80–85 dB and background
music showed no difference in task performance in
terms of the time taken to complete a task [26]. Here,
one must keep in mind that those noise levels are higher
than most recommended standards for an occupational
environment [27]. The SPLs used in the two studies also
differed greatly, which makes a comparison difficult, but
as an explanation it was assumed that experienced sur-
geons can effectively “block out” noise and music on a
higher SPL of 80–85 dB. This is probably due to the high
levels of concentration required to perform a complex
surgical task. Recent studies of abdominal surgeries
showed that surgeons’ concentration was not impaired
by measured noise levels [28] and there were hints that
music might even reduce the heart rate, blood pressure,
and muscle effort of surgeons while at the same time in-
creasing the accuracy of surgical tasks [29].
In this context, the effect of routine and training in

manual tasks seems to play an important role: Especially
younger surgeons (i.e., interns or residents) seem more
likely to be distracted by disturbing factors in the OR
[30, 31], not only by music but also telephone calls [32].
Under distracting conditions, the medical interns

Table 2 Number of participants and performance for exercises a, b, and c in [s] (mean ± SD)

Group Number of
participants

Performance exercise
a [s] mean (± SD)

Performance exercise
b [s] mean (± SD)

Performance exercise
c [s] mean (± SD)

Control group 16 157 (± 38.5) 144 (± 45.0) 150 (± 44.3)

Earplugs 12 122 (± 26.9) 153 (± 34.0) 150 (± 38.2)

50 dB 20 142 (± 31.1) 156 (± 48.9) 133 (± 43.5)

60 dB 12 147 (± 45.7) 144 (± 36.7) 148 (± 47.9)

70 dB 15 121 (± 31.0) 142 (± 33.7) 115 (± 20.0)

80 dB 12 125 (± 23.5) 145 (± 28.5) 130 (± 24.7)

Total 87
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showed a significant decline in task performance (overall
task score, task errors, and operating time) and signifi-
cantly increased levels of irritation toward both the as-
sistant handling the laparoscope in a nonoptimal way
and the sources of social distraction.
Due to the fact that the influence of music on per-

formance outcome of laparoscopic techniques in a
real-life setting is controversial and methodologically
difficult to quantify, outcome measurements
performed using laparoscopic box training tools under
standardized conditions might offer a feasible ap-
proach. To date, the effect of music exposure at
different SPLs on the training performance of laparo-
scopic novices has not been evaluated systematically
under standardized conditions. Therefore, we chose a
highly standardized stetting for this study in order to
maintain the ability to transfer the findings to a real-
life OR setting. Simulation-based training in minim-
ally invasive surgery has been validated for the
“Luebecker Toolbox” [13]. Transferability of the task
content to a (sub)-realistic setting could be demon-
strated [14]. Nonetheless, besides training, individual
talent also constitutes an important factor in master-
ing laparoscopic skills [33]. The influence of SPL on
laparoscopic tasks has not been evaluated yet, al-
though a positive impact on accuracy has already
been shown for relaxing auditory influences, such as
classical music on laparoscopic tasks [34]. Our data
are in line with these preliminary data that back-
ground music at a moderate SPL of 70 dB has a posi-
tive effect on performance in comparison to higher or
lower SPL, although the highest total relative im-
provement in all exercises was within the 60 dB
group. In this context, it might be relevant that most
participants did not feel distracted by the music in
our study. In contrast to a real-world setting within
an OR there were no other pressuring factors that
might have influenced performance. This fits to the
results that overall course satisfaction was very high.

Fig. 1 Performance of the three laparoscopic exercises for the
control group and five intervention groups (earplug, SPL 50–80 dB).
a. Exercise (a), “Pack your luggage”; mean values of the required
times are shown on the ordinate with their 25 and 75% quartiles
against the respective groups on the abscissa; p-values for the
comparisons between each group are shown below; ° = outlier. b.
Exercise (b), “Chinese Jump Rope”. Mean values of the required
times are shown on the ordinate with their 25 and 75% quartiles
against the respective groups on the abscissa; p-values for the
comparisons between each group are shown below; ° = outlier. c.
Exercise (c), “Weaving”. Mean values of the required times are shown
on the ordinate with their 25 and 75% quartiles against the
respective groups on the abscissa; p-values for the comparisons
between each group are shown below; ° = outlier
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Limitations
Our study design shows several potential limitations. Al-
though a high standardization in the study design was
intended, performance outcome of surgical techniques
(such as laparoscopy) is methodologically difficult to
quantify. Studies have shown that it is difficult to predict
baseline laparoscopic surgery skills [35]. Moreover, our

findings could have been relevantly biased due to differ-
ing subjective music perceptions, i.e., some students
probably liked the music being played better than others,
with a varying effect on their performance (“arousal-
and-mood-hypothesis”) [36]. Studies have also shown
that a listener’s fondness of the music being played influ-
ences their performance [37]. Furthermore, we did not

Fig. 2 Relative performance improvements between first and third run separated for exercises a, b, and c and different sound pressure levels plus
control group / earplug group (in %)

Fig. 3 Relative overall performance improvements (combined for all exercises a, b, and c) between first and third run for different sound pressure
levels plus control group / earplug group (in %)
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use virtual reality simulators and therefore were not able
to track the movement of the probands. Thus, the accur-
acy factor as part of the overall performance could not
be recorded accordingly. In addition, the cohort size was
relatively small; however, it could still deliver significant
results.
In addition, the implication of transferring study re-

sults from a simulator to the OR has not been clarified
yet, although it is likely that the skills themselves can be
transferred [38–40]. Further analyses might focus on
other factors that might influence the performance of
standardized laparoscopic tasks, e.g., differing music
genres.

Conclusions
In general, along with previous studies, we could show
that there is no negative effect of background music be-
ing played while performing exercises on a trainer in a
standardized stetting. Moreover, our study suggests that
even with rising sound pressure levels, performance is
better than in a control group or a noise-shielded group.
Here, the effect of blocking out music while performing
the exercises might become relevant. It can be assumed
that background music at a specific SPL even might en-
hance performance more than turning off music
rigorously.
To our knowledge, our prospective trial is the first

study to systematically examine the influence of different
sound pressure levels on laparoscopic performance of
medical novices. Future trials need to show the influence
of other distractors in the operating room, such as talk-
ing or answering phone calls. Moreover, it is still not
known whether the music genre makes a difference for
outcome performance.

Acknowledgments
None.

Authors’ contributions
LK Nees: Protocol/project development, data collection or management,
data analysis, manuscript writing/editing; P Grotzinger: Protocol/project
development, data collection or management, data analysis, manuscript
writing/editing; N Orthmann: Protocol/project development, data collection
or management, data analysis, manuscript writing/editing; TM Deutsch:
manuscript writing/editing; A Hennigs: manuscript writing/editing; C
Domschke: manuscript writing/editing; M Wallwiener: manuscript writing/
editing; J Rom: Protocol/project development, data collection or
management, data analysis, manuscript writing/editing; F Riedel: Protocol/
project development, data collection or management, data analysis,
manuscript writing/editing. The author (s) read and approved the final
manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Availability of data and materials
All data are available upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of the University of
Heidelberg (Register No. S-618/2017) and was conducted in accordance with
the Declaration of Helsinki. All participants gave their written approval.

Consent for publication
Not applicable.

Competing interests
Drs. Nees, Grozinger, Orthmann, Deutsch, Hennigs, Domschke, Wallwiener,
Rom and Riedel have no conflicts of interest or financial ties to disclose.

Author details
1Department of Gynecology and Obstetrics, Heidelberg University Hospital,
Im Neuenheimer Feld 440, D-69120 Heidelberg, Germany. 2Asklepios Klinik
Hamburg-Altona, Department of Gynecology and Obstetric, Hamburg,
Germany. 3Klinikum Frankfurt-Hoechst, Department of Gynecology and
Obstetrics, Frankfurt, Germany.

Received: 8 December 2020 Accepted: 22 March 2021

References
1. Khatuja R, Jain G, Mehta S, Arora N, Juneja A, Goel N. Changing trends in

use of laparoscopy: a clinical audit. Minim Invasive Surg. 2014;2014:562785.
2. Vandendriessche D, Giraudet G, Lucot JP, Behal H, Cosson M. Impact of

laparoscopic sacrocolpopexy learning curve on operative time, perioperative
complications and short term results. Eur J Obstet Gynecol Reprod Biol.
2015;191:84–9. https://doi.org/10.1016/j.ejogrb.2015.05.013.

3. Miskovic D, Rosenthal R, Zingg U, Oertli D, Metzger U, Jancke L.
Randomized controlled trial investigating the effect of music on the virtual
reality laparoscopic learning performance of novice surgeons. Surg Endosc.
2008;22(11):2416–20. https://doi.org/10.1007/s00464-008-0040-8.

4. Faraj AA, Wright AP, Haneef JH, Jones A. Listen while you work? The
attitude of healthcare professionals to music in the operating theatre. J
Perioper Pract. 2014;24(9):199–204. https://doi.org/10.1177/1750458914
02400903.

5. Hawksworth C, Asbury AJ, Millar K. Music in theatre: not so harmonious.
Anaesthesia. 1997;52(1):79–83. https://doi.org/10.1111/j.1365-2044.1997.
t01-1-012-az012.x.

6. Gonzalez MF, Aiello JR. More than meets the ear: investigating how music
affects cognitive task performance. J Exp Psychol Appl. 2019;25(3):431–44.
https://doi.org/10.1037/xap0000202.

7. El Boghdady M, Ewalds-Kvist BM. The influence of music on the surgical
task performance: a systematic review. Int J Surg. 2020;73:101–12. https://
doi.org/10.1016/j.ijsu.2019.11.012.

8. Grantcharov TP, Bardram L, Funch-Jensen P, Rosenberg J. Learning curves
and impact of previous operative experience on performance on a virtual
reality simulator to test laparoscopic surgical skills. Am J Surg. 2003;185(2):
146–9. https://doi.org/10.1016/S0002-9610(02)01213-8.

9. Aggarwal R, Tully A, Grantcharov T, Larsen C, Miskry T, Farthing A,
et al. Virtual reality simulation training can improve technical skills
during laparoscopic salpingectomy for ectopic pregnancy. BJOG Int J
Obstet Gynaecol. 2006;113(12):1382–7. https://doi.org/10.1111/j.1471-
0528.2006.01148.x.

10. Shore EM, Grantcharov TP, Husslein H, Shirreff L, Dedy NJ, McDermott CD,
et al. Validating a standardized laparoscopy curriculum for gynecology
residents: a randomized controlled trial. Am J Obstet Gynecol. 2016;215(2):
204.e1-.e11.

11. Diesen DL, Erhunmwunsee L, Bennett KM, Ben-David K, Yurcisin B, Ceppa
EP, et al. Effectiveness of laparoscopic computer simulator versus usage of
box trainer for endoscopic surgery training of novices. J Surg Educ. 2011;
68(4):282–9. https://doi.org/10.1016/j.jsurg.2011.02.007.

12. Steiner T, Jünger J, Schmidt J, Bardenheuer H, Kirschfink M, Kadmon M,
et al. HEICUMED: Heidelberger Curriculum Medicinale – Ein modularer
Reformstudiengang zur Umsetzung der neuen Approbationsordnung. Med
Ausbild. 2003;20:87–91.

13. Laubert T, Thomaschewski M, Auerswald P, Zimmermann M, Brüheim L,
Keck T, et al. Implementierung eines laparoskopischen Simulationstrainings

Nees et al. BMC Medical Education          (2021) 21:209 Page 7 of 8

https://doi.org/10.1016/j.ejogrb.2015.05.013
https://doi.org/10.1007/s00464-008-0040-8
https://doi.org/10.1177/175045891402400903
https://doi.org/10.1177/175045891402400903
https://doi.org/10.1111/j.1365-2044.1997.t01-1-012-az012.x
https://doi.org/10.1111/j.1365-2044.1997.t01-1-012-az012.x
https://doi.org/10.1037/xap0000202
https://doi.org/10.1016/j.ijsu.2019.11.012
https://doi.org/10.1016/j.ijsu.2019.11.012
https://doi.org/10.1016/S0002-9610(02)01213-8
https://doi.org/10.1111/j.1471-0528.2006.01148.x
https://doi.org/10.1111/j.1471-0528.2006.01148.x
https://doi.org/10.1016/j.jsurg.2011.02.007


in der studentischen Lehre – das Lübecker Toolbox-Curriculum. Zentralbl
Chir. 2018;143(04):412–18.

14. Laubert T, Esnaashari H, Auerswald P, Hofer A, Thomaschewski M, Bruch HP,
et al. Conception of the Lubeck toolbox curriculum for basic minimally
invasive surgery skills. Langenbeck's Arch Surg. 2018;403(2):271–8. https://
doi.org/10.1007/s00423-017-1642-1.

15. Stork MJ, Kwan MY, Gibala MJ, Martin Ginis KA. Music enhances
performance and perceived enjoyment of sprint interval exercise. Med Sci
Sports Exerc. 2015;47(5):1052–60. https://doi.org/10.1249/MSS.
0000000000000494.

16. Martin-Saavedra JS, Vergara-Mendez LD, Pradilla I, Velez-van-Meerbeke A,
Talero-Gutierrez C. Standardizing music characteristics for the
management of pain: a systematic review and meta-analysis of clinical
trials. Complement Ther Med. 2018;41:81–9. https://doi.org/10.1016/j.
ctim.2018.07.008.

17. Bradt J, Dileo C, Magill L, Teague A. Music interventions for improving
psychological and physical outcomes in cancer patients. Cochrane Database
Syst Rev. 2016;8:Cd006911. https://doi.org/10.1002/14651858.CD006911.
pub3.

18. Kipnis G, Tabak N, Koton S. Background music playback in the preoperative
setting: does it reduce the level of preoperative anxiety among candidates
for elective surgery? J Perianesth Nurs. 2016;31(3):209–16. https://doi.org/1
0.1016/j.jopan.2014.05.015.

19. Ullmann Y, Fodor L, Schwarzberg I, Carmi N, Ullmann A, Ramon Y. The
sounds of music in the operating room. Injury. 2008;39(5):592–7. https://doi.
org/10.1016/j.injury.2006.06.021.

20. Shih YN, Huang RH, Chiang HY. Background music: effects on attention
performance. Work. 2012;42(4):573–8.

21. Mentis HM, Chellali A, Manser K, Cao CG, Schwaitzberg SD. A systematic
review of the effect of distraction on surgeon performance: directions for
operating room policy and surgical training. Surg Endosc. 2016;30(5):1713–
24. https://doi.org/10.1007/s00464-015-4443-z.

22. Keller S, Tschan F, Semmer NK, Holzer E, Candinas D, Brink M, et al. Noise in
the operating room distracts members of the surgical team. An
observational study. World J Surg. 2018;42(12):3880–7. https://doi.org/10.1
007/s00268-018-4730-7.

23. Oomens P, Fu VX, Kleinrensink GJ, Jeekel J. The effect of music on simulated
surgical performance: a systematic review. Surg Endosc. 2019;33(9):2774–84.
https://doi.org/10.1007/s00464-019-06868-x.

24. Drzymalski DM, Ceruzzi J, Camann WR. Noise in the obstetric operating
room. Int J Obstet Anesth. 2017;29:87–8. https://doi.org/10.1016/j.ijoa.2016.1
0.008.

25. Moorthy K, Munz Y, Dosis A, Bann S, Darzi A. The effect of stress-inducing
conditions on the performance of a laparoscopic task. Surg Endosc. 2003;
17(9):1481–4. https://doi.org/10.1007/s00464-002-9224-9.

26. Moorthy K, Munz Y, Undre S, Darzi A. Objective evaluation of the effect of
noise on the performance of a complex laparoscopic task. Surgery. 2004;
136(1):25–30; discussion 1. https://doi.org/10.1016/j.surg.2003.12.011.

27. Śliwińska-Kowalska M, Zaborowski K. WHO environmental noise guidelines
for the European region: a systematic review on environmental noise and
permanent hearing loss and tinnitus. Int J Environ Res Public Health. 2017;
14(10):1139. https://doi.org/10.3390/ijerph14101139.

28. Keller S, Tschan F, Semmer NK, Holzer E, Candinas D, Brink M, et al. Noise in
the operating room distracts members of the surgical team. An
observational study. World J Surg. 2018;42(12):3880-7. https://doi.org/10.1
007/s00268-018-4730-7.

29. Moris DN, Linos D. Music meets surgery: two sides to the art of "healing".
Surg Endosc. 2013;27(3):719–23. https://doi.org/10.1007/s00464-012-2525-8.

30. Pluyter JR, Buzink SN, Rutkowski A-F, Jakimowicz JJ. Do absorption and
realistic distraction influence performance of component task surgical
procedure? Surg Endosc. 2010;24(4):902–7. https://doi.org/10.1007/s00464-
009-0689-7.

31. Hsu KE, Man FY, Gizicki RA, Feldman LS, Fried GM. Experienced surgeons
can do more than one thing at a time: effect of distraction on performance
of a simple laparoscopic and cognitive task by experienced and novice
surgeons. Surg Endosc. 2008;22(1):196–201. https://doi.org/10.1007/s00464-
007-9452-0.

32. Yang C, Heinze J, Helmert J, Weitz J, Reissfelder C, Mees ST. Impaired
laparoscopic performance of novice surgeons due to phone call distraction:
a single-Centre, prospective study. Surg Endosc. 2017;31(12):5312–7. https://
doi.org/10.1007/s00464-017-5609-7.

33. Grantcharov TP, Funch-Jensen P. Can everyone achieve proficiency with the
laparoscopic technique? Learning curve patterns in technical skills
acquisition. Am J Surg. 2009;197(4):447–9. https://doi.org/10.1016/j.amjsurg.2
008.01.024.

34. Conrad C, Konuk Y, Werner P, Cao CG, Warshaw A, Rattner D, et al. The
effect of defined auditory conditions versus mental loading on the
laparoscopic motor skill performance of experts. Surg Endosc. 2010;24(6):
1347–52. https://doi.org/10.1007/s00464-009-0772-0.

35. Madan AK, Frantzides CT, Park WC, Tebbit CL, Kumari NV, O'Leary PJ.
Predicting baseline laparoscopic surgery skills. Surg Endosc. 2005;19(1):101–
4. https://doi.org/10.1007/s00464-004-8123-7.

36. He W-J, Wong W-C, Hui ANN. Emotional reactions mediate the effect of
music listening on creative thinking: perspective of the arousal-and-mood
hypothesis. Front Psychol. 2017;8:1680.

37. Thompson WF, Schellenberg EG, Husain G. Arousal, mood, and the Mozart
effect. Psychol Sci. 2001;12(3):248–51. https://doi.org/10.1111/1467-9280.00345.

38. Buckley CE, Kavanagh DO, Traynor O, Neary PC. Is the skillset obtained in
surgical simulation transferable to the operating theatre? Am J Surg. 2014;
207(1):146–57. https://doi.org/10.1016/j.amjsurg.2013.06.017.

39. Zendejas B, Brydges R, Hamstra SJ, Cook DA. State of the evidence on
simulation-based training for laparoscopic surgery: a systematic review. Ann
Surg. 2013;257(4):586–93. https://doi.org/10.1097/SLA.0b013e318288c40b.

40. Scott DJ, Bergen PC, Rege RV, Laycock R, Tesfay ST, Valentine RJ, et al.
Laparoscopic training on bench models: better and more cost effective than
operating room experience?11No competing interests declared. J Am Coll
Surg. 2000;191(3):272–83. https://doi.org/10.1016/S1072-7515(00)00339-2.

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

Nees et al. BMC Medical Education          (2021) 21:209 Page 8 of 8

https://doi.org/10.1007/s00423-017-1642-1
https://doi.org/10.1007/s00423-017-1642-1
https://doi.org/10.1249/MSS.0000000000000494
https://doi.org/10.1249/MSS.0000000000000494
https://doi.org/10.1016/j.ctim.2018.07.008
https://doi.org/10.1016/j.ctim.2018.07.008
https://doi.org/10.1002/14651858.CD006911.pub3
https://doi.org/10.1002/14651858.CD006911.pub3
https://doi.org/10.1016/j.jopan.2014.05.015
https://doi.org/10.1016/j.jopan.2014.05.015
https://doi.org/10.1016/j.injury.2006.06.021
https://doi.org/10.1016/j.injury.2006.06.021
https://doi.org/10.1007/s00464-015-4443-z
https://doi.org/10.1007/s00268-018-4730-7
https://doi.org/10.1007/s00268-018-4730-7
https://doi.org/10.1007/s00464-019-06868-x
https://doi.org/10.1016/j.ijoa.2016.10.008
https://doi.org/10.1016/j.ijoa.2016.10.008
https://doi.org/10.1007/s00464-002-9224-9
https://doi.org/10.1016/j.surg.2003.12.011
https://doi.org/10.3390/ijerph14101139
https://doi.org/10.1007/s00268-018-4730-7
https://doi.org/10.1007/s00268-018-4730-7
https://doi.org/10.1007/s00464-012-2525-8
https://doi.org/10.1007/s00464-009-0689-7
https://doi.org/10.1007/s00464-009-0689-7
https://doi.org/10.1007/s00464-007-9452-0
https://doi.org/10.1007/s00464-007-9452-0
https://doi.org/10.1007/s00464-017-5609-7
https://doi.org/10.1007/s00464-017-5609-7
https://doi.org/10.1016/j.amjsurg.2008.01.024
https://doi.org/10.1016/j.amjsurg.2008.01.024
https://doi.org/10.1007/s00464-009-0772-0
https://doi.org/10.1007/s00464-004-8123-7
https://doi.org/10.1111/1467-9280.00345
https://doi.org/10.1016/j.amjsurg.2013.06.017
https://doi.org/10.1097/SLA.0b013e318288c40b
https://doi.org/10.1016/S1072-7515(00)00339-2

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Participants and study design
	Statistical analyses

	Results
	Study participants
	Performance under music exposure at different SPL compared to the control group
	Relative performance improvements between first and third run
	Subjective music perception

	Discussion
	Limitations

	Conclusions
	Acknowledgments
	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

