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ABSTRACT
It has been suggested that certain nonsurgical abilities can be used to predict laparoscopic surgical skills. 

This study aimed to conclusively determine whether these nonsurgical proficiencies are associated with 
laparoscopic surgical skills both before and after surgical training. We recruited 58 medical students for 
this study and assessed their laparoscopic surgical skills using the Surgical Assessment Device (HUESAD). 
The participants performed ten runs of HUESAD tasks before training. After they underwent box training 
and VR simulator training once a week for two weeks, they performed ten additional runs of the tasks. 
Finally, the participants responded to a questionnaire about their involvement in nonsurgical skills, includ-
ing playing computer games, typing, sewing, playing musical instruments, and using chopsticks. Pearson’s 
correlation coefficients were calculated. No significant correlation was found between any of the nonsurgical 
skills and initial laparoscopic surgical skills. However, a significant correlation was observed between the 
participants’ ability to use chopsticks and scissors, ride a bicycle, and post-training laparoscopic surgical 
skills (p < 0.05). Several nonsurgical abilities investigated in this study did not correlate with pre- and 
post-training laparoscopic surgical skills, demonstrating that certain nonsurgical skills predict laparoscopic 
surgical skills not before but after training. This approach can be useful in predicting improvement in 
laparoscopic surgical skills. The ability to predict laparoscopic surgical skills is important for designing 
custom training programs to ensure safety and high-quality operations in laparoscopic surgery.
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INTRODUCTION

Establishing training and education systems for 
laparoscopic surgery is necessary to ensure safety and 
the high quality of operations. It is imperative to predict 
laparoscopic surgical proficiency to design custom train-
ing programs. Many previous studies have attempted 
to predict laparoscopic surgical skills, and several stud-
ies have reported that specific nonsurgical skills may 
predict the laparoscopic surgical skills of medical stu-
dents. For example, a few studies predicted laparoscopic 
surgical skills based on the participant’s ability to use 
chopsticks1) and play musical instruments1,17). While 
some studies have suggested that video game experience 
can predict baseline laparoscopic surgical skills4,8). More-
over, mini-interviews on medical students’ nonsurgical 
skills (including questions such as “Do you like video 
games?” and “Do you have confidence in your ability to 
drive?”) have been reported to predict laparoscopic sur-
gical skills14). These studies suggested that nonsurgical 
skills predict laparoscopic surgical skills.

However, the results of these studies are inconsistent. 
For example, while a previous study revealed that ini-
tial laparoscopic surgical skills cannot be predicted by 
video game usage11), another study found that nonsur-
gical skills such as typing, playing computer games, 
sewing, and playing musical instruments do not predict 
the initial scores in box trainers and/or virtual-reality 
trainers12). The exact reasons for this discrepancy remain 
unclear. One possible explanation is that researchers 
may have studied the correlation of nonsurgical skills 
with initial pre-training skills alone. Compared to open 
surgery, laparoscopic surgery signifies a more challeng-
ing learning process in terms of sensory input, spatial 
perception13), hand-eye coordination, tactile feedback, 
and the fulcrum effect of long instruments9); thus, the 
initial performances of laparoscopic surgery are unsta-
ble. To accurately predict a surgical trainee’s talent in 
laparoscopic surgery, it would be necessary to investigate 
performance curves during repetitive trials15). Therefore, 
although nonsurgical skills might not predict laparo-
scopic surgical skills before training, they may predict 
post-training laparoscopic surgical skills. Another possi-
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ble explanation for the results of the previous studies is 
the relatively small sample sizes used. If a sample size is 
too small, it is difficult to tell whether a particular result 
occurred due to coincidence or as a result of the experi-
ment.

This study aimed to determine whether nonsurgical 
skills are associated with pre- and post-training laparo-
scopic surgical skills. We used a large sample of students 
for this study and hypothesized that laparoscopic surgi-
cal skills after the training of novice surgeons could be 
predicted by nonsurgical skills.

MATERIALS AND METHODS

Participants
Fifty-eight medical students (17 women, mean age: 

24.1 ± 1.1) were recruited for this study. All the partici-
pants were right-handed and were selected on the basis 
that they had no simulation or clinical experience per-
forming laparoscopic procedures. This was the only eligi-
bility factor; hence, there was no difference in interest in 
the aptitude for surgery in other areas. This study proto-
col was approved by the Committee for Experimentation 
at Hiroshima University (E2022-0314).

HUESAD
The construct validity of the Hiroshima University 

Endoscopic Surgical Assessment Device (HUESAD), a 
motion analysis system, has been demonstrated in a 
previous study5,6). HUESAD was designed based on the 
assumption that the orbits of the device reflect the 
surgeon’s dexterity, and it was designed to precisely 
trace the movement of the tip of a laparoscopic instru-
ment7,18,19).

The task was to move the tip of the laparoscopic 
instrument on the tops of the poles from points A to C 
and C to A and from B to D and D to B (Fig. 1). The 
position of the scope is shown in Fig. 1. Each participant 

repeated the tests ten times using the dominant hand.
The orbit of the tip of the laparoscopic instrument 

and the time taken to perform the tasks were accurately 
recorded using a portable computer. To define the HUE-
SAD assessment score, the deviation from the ideal 
course was measured and integrated with the time taken 
to move the instrument. Our previous studies demon-
strated that the HUESAD assessment score was signifi­
cantly lower for the expert group than that for the novice 
group5,6). Therefore, HUESAD was positioned as a reli-
able assessment system for laparoscopic surgical skills.

Procedure
The participants arrived at the laparoscopic surgical 

training center individually. They first read an infor-
mation sheet describing the aims of the study and 
then provided their written informed consent for par-
ticipation in the study; subsequently, they received an 
introduction to the HUESAD and performed HUESAD 
tasks (pre-training tasks). The participants then under-
went box training (MC Medical, Inc., Tokyo, Japan) 
and training using virtual reality simulation tools, such 
as Lap Sim (Surgical Science, Göteborg, Sweden) and 
Laparoscopy VR (Immersion Medical, Gaithersburg, 
MD, USA). All these simulators provided tasks designed 
to train students in the basic surgical skills required for 
laparoscopic surgery. The participants were trained by 
performing various basic tasks. They trained once a week 
(2 h) for two weeks and then repeated the HUESAD 
tasks ten times (after training). After the procedure, 
the participants were given a questionnaire comprising 
questions about their nonsurgical skills.

Assessment of nonsurgical skills
All the participants were asked to respond to a ques-

tionnaire designed to determine whether they played 
computer games, sewed, played musical instruments, 
utilized chopsticks and scissors, and rode a bicycle 

Fig. 1 A. The Hiroshima University Endoscopic Surgical Assessment Device. B. During the task, the tip of the endoscopic instru-
ment was moved from pole A to pole C, pole C to pole A, pole B to pole D, and pole D to pole B. The position of the scope is shown. 
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(Table 1). This questionnaire was created based on pre-
vious research, which had indicated that non-surgical 
skills predicted trainee’s skills in surgical simulation. 
In this study, questions were presented using a 5-point 
Likert scale, ranging from 1 (not at all) to 5 (very much).

Statistical analysis
Statistical analysis of the data was carried out using 

IBM SPSS Statistics for Windows (Armonk, NY: IBM 
Corp.). The difference in the HUESAD assessment scores 
obtained at the pre- and post-training evaluations was 
examined using the Wilcoxon signed-rank test. Spearman 
coefficients were calculated to assess the nonsurgical 
skills and HUESAD assessment scores (both pre- and 
post-training scores). The effect size was shown using the 
r value for the Wilcoxon signed-rank test. Effect sizes 
provided a measure of the “meaningfulness” of an effect, 
with 0.2, 0.5, and 0.8 generally used to represent “small,” 
“medium,” and “large” effects, respectively2,3). The level 
of statistical significance (α) was set at 0.05 or less. All 
results were expressed as means ± SEM.

RESULTS

HUESAD assessment scores
The HUESAD assessment scores significantly improv-

ed after training (before: 96.2 ± 4.2 mm·s, after: 60.5 ± 
3.5 mm·s, p < 0.001, r = 0.83; Fig. 2).

Correlations between nonsurgical skills and 
laparoscopic surgical skills

The nonsurgical skill scores of the participants are 
presented in Table 1. No significant correlation was 
observed between all the nonsurgical skills and the pre-
training HUESAD assessment scores (Table 2). However, 

there was a correlation between post-training HUESAD 
assessment scores and nonsurgical skills, such as using 
chopsticks and scissors and riding a bicycle (r = −0.432, 
p < 0.001; r = −0.312, p = 0.017; and r = −0.350, p = 
0.007 respectively, Table 2). Furthermore, post-training 
HUESAD assessment scores and sewing, musical instru-
ment playing, and video game playing were not corre-
lated.

DISCUSSION

Specific nonsurgical abilities may predict laparoscopic 
surgical skills; however, these results are inconsistent. 
The purpose of this study was to determine whether 
these nonsurgical skills are associated with laparoscopic 
surgical skills not before training but after training. We 
studied a large sample of medical students (N = 58). The 
results of this study demonstrate a correlation between 

Fig. 2 HUESAD assessment scores obtained before and after 
training. The HUESAD assessment scores were significantly 
higher after training (p < 0.05). 

Table 1 Questionnaire responses (n = 58)

Questions Nonsurgical skills score

Do you like video games? 3.59 (1.4)
Do you sew (clothes, etc.)? 3.14 (1.1)

Do you play any musical instruments? 2.67 (1.2)
Are you confident about using chopsticks? 3.83 (1.0)

Are you confident about your ability to use scissors? 3.79 (1.0)
Do you feel confident about riding a bicycle? 3.90 (1.0)

Each response was scored on a Likert scale of 1 to 5. Data are presented as mean (SD)

Table 2 Correlations between nonsurgical skills and HUESAD assessment scores before and after training

Nonsurgical skills

Pre-training HUESAD
assessment score

Post-training HUESAD
assessment score

r value p value r value p value

Do you like video games? −0.147 0.269 −0.236 0.050
Do you sew (clothes, etc.)? 0.080 0.951 −0.172 0.196

Do you play any musical instruments? 0.099 0.459 0.179 0.178
Are you confident about using chopsticks? 0.120 0.928 −0.432* < 0.001

Are you confident about your ability to use scissors? −0.079 0.555 −0.312* 0.017
Do you feel confident about riding a bicycle? −0.211 0.111 −0.350* 0.007

* p < 0.05
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nonsurgical skills and the score on HUESAD after train-
ing.

Laparoscopic simulations have been used as tools for 
practice and the assessment of laparoscopic surgery. The 
HUESAD is an assessment device that can precisely fol-
low the movement of the tip of a laparoscopic instru-
ment; thus, it can provide information regarding the 
surgeon’s dexterity, which is an important parameter in 
the assessment of laparoscopic surgical skills. In this 
study, virtual reality simulator training and box training 
significantly improved the HUESAD assessment scores. 
Our approach using the HUESAD system can be consid-
ered valid and reliable.

Madan et al.12) reported that nonsurgical skills such 
as typing, playing computer games, sewing, and playing 
musical instruments do not predict the initial scores 
of inanimate box or virtual-reality trainers. Our results 
demonstrated no significant correlations between the 
pre-training HUESAD assessment scores and nonsurgi-
cal skills such as playing computer games, sewing, play-
ing musical instruments, using chopsticks and scissors, 
and riding a bicycle. In this aspect, our results are con-
sistent with the findings of Madan et al.12). Currently, 
laparoscopic surgical techniques are the gold standard in 
many surgical procedures, but they entail considerable 
difficulty in the learning process. Therefore, since the 
performance of initial laparoscopic surgical skills might 
not be stable, it is difficult to predict them.

In contrast to the pre-training HUESAD assessment 
score, the post-training score correlated with using chop-
sticks and scissors and riding a bicycle. Thus, these 
findings validate our hypothesis that the laparoscopic 
surgical skills of novice surgeons, after they undergo 
training, can be predicted by certain nonsurgical abili-
ties. The participants were trained by performing vari-
ous basic surgical tasks to develop their laparoscopic 
surgical skills. Hence, these post-training skills are rel-
atively more stable than the initial performance before 
any training.

Laparoscopic surgery involves using long instruments 
inserted through small ports on the body, depriving 
surgeons of the sense of touch (haptics), spatial percep-
tion, manual dexterity, and hand-eye coordination that 
they are accustomed to availing of during open surgical 
procedures. In this study, the ability to use chopsticks 
and scissors and ride a bicycle were found to be predic-
tors of improved laparoscopic surgical skills following 
training. The abilities associated with using chopsticks 
and scissors are akin to the skills required in laparo-
scopic surgery, especially regarding the manual dexterity 
required in handling long instruments. A previous study 
demonstrated that factor analysis showed that the skill 
required for chopstick manipulation should be catego-
rized as the “dexterity” component2).

In the field of laparoscopic surgery, Nomura et al.14) 

demonstrated that medical students who were confident 
about driving completed their laparoscopic virtual reality 
simulator tasks in less time. However, it was not neces-
sary that all students have driver’s licenses, because in 
this study, we assessed the participants’ ability to ride 

a bicycle. Our result demonstrated that the ability to 
ride a bicycle predicted laparoscopic surgical skills after 
training. Therefore, the ability to use chopsticks and scis-
sors and ride a bicycle require abilities similar to those 
used in laparoscopic tasks. Furthermore, these nonsurgi-
cal tasks may play a role in the acquisition or augmenta-
tion of skills of manual dexterity and spatial perception 
required for laparoscopic surgery.

The finding of the correlation between laparoscopic 
surgical skills and gaming experience agrees with those 
of certain previous studies8). Rosser et al.16) tested 
laparoscopic and suturing skills in their study subjects. 
The participants in the top tertile of the video game score 
performed significantly better than those in the bottom 
tertile when scored for time and number of errors on 
the laparoscopic skill program. Previous studies that 
employed the questionnaire-based assessment method 
reported that both current and past gamers scored better 
on the laparoscopic simulator10). However, our results 
show that playing video games did not correlate with 
pre- and post-training laparoscopic surgical skills. In our 
questionnaire, we asked the students whether they liked 
to play video games. It is suggested that this question-
naire may have been insufficient for predicting laparo-
scopic surgical skills.

A limitation of the present study is that the non-
surgical skills assessed were based on a self-report ques-
tionnaire rather than an objective assessment of actual 
skills. This means that participants’ self-perception and 
self­confidence may have influenced their responses 
and, therefore, the study results. Hence, the correla-
tion between these self-reported non-surgical skills and 
post-training laparoscopic surgical skills should be inter-
preted with caution. It would be valuable for future stud-
ies to include objective assessments of these non-surgical 
skills to measure their influence more accurately on the 
acquisition of laparoscopic surgical skills.

Another limitation relates to the design of the ques-
tionnaire itself. The items used were created with refer-
ence to several previous studies and combined questions 
about participants’ preferences or activities (e.g., “Do 
you like video games?”, “Do you sew (clothes, etc.)?”, 
“Do you play any musical instruments?”) with those 
assessing confidence in specific skills (e.g., “Are you con-
fident in using chopsticks?”, “Are you confident in your 
ability to use scissors?”, “Are you confident in riding a 
bicycle?”). This discrepancy could lead to confounding 
measures of liking or doing an activity with confidence 
in the related skills, thereby affecting the interpretation 
of results.

In future research, it would be beneficial to maintain 
a consistent approach to question framing to avoid such 
confusion. For example, all questions should be framed 
to measure either participants’ preference or their confi­
dence, such as “Do you feel confident in playing video 
games?”, “Do you feel confident in your ability to sew?”, 
“Do you feel confident in your ability to play a musical 
instrument?”. Implementing such a change would align 
all questions along a common dimension, providing a 
more homogeneous set of responses for analysis.
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CONCLUSION

This study demonstrates that non-surgical skills such 
as using chopsticks and scissors and riding a bicycle 
predict laparoscopic surgical skills not before but after 
training. This approach may be useful in predicting 
improvement in laparoscopic surgical skills. The ability 
to predict these skills is important for designing indi-
vidualized training programs in safety and high-quality 
surgery. The advantages of the questionnaire method 
were that it was quick and easy to administer, and it 
was possible to obtain a large amount of information in 
a short time. Therefore, such tests may help to quickly, 
easily, and accurately identify trainees who will benefit 
from training in laparoscopic surgery.

Acknowledgment
This work was supported by JSPS KAKENHI Grant 

Numbers JP 16K19173, and HAYAO NAKAYAMA Foun-
dation for Science & Technology and Culture.

(Received April 7, 2023)
(Accepted January 9, 2024)

REFERENCES

 1. Armbrust, L., Lenz, M., Elrod, J., Kiwit, A., Reinshagen, 
K., Boettcher, J., et al. 2023. Factors influencing 
performance in laparoscopic suturing and knot tying: a 
cohort study. Eur. J. Pediatr. Surg. 33(2): 144–151. doi: 
10.1055/s-0042-1742302

 2. Chen, H.M. and Chang, J.J. 1999. The skill components 
of a therapeutic chopsticks task and their relationship 
with hand function tests. Kaohsiung J. Med. Sci. 15(12): 
704–709.

 3. Cohen, J. 1992. A power primer. Psychol. Bull. 112(1): 
155–159. doi: 10.1037//0033-2909.112.1.155

 4. Emmanuel, S., Badiani, S., Wong, J., Willcock, H., 
Cash, B. and Lord, R.V. 2021. Does playing video 
games provide a benefit for acquiring laparoscopic 
surgical skills? Br. J. Surg. 108(3): e101–e102. doi: 
10.1093/bjs/znaa060

 5. Egi, H., Okajima, M., Kawahara, T., Yoshimitsu, M.,
Sumitani, D., Tokunaga, M., et al. 2010. Scientific
assessment of endoscopic surgical skills. Minim. Invasive 
Ther. Allied Technol. 19(1): 30–34. doi: 10.3109/
13645700903493017

 6. Egi, H., Okajima, M., Yoshimitsu, M., Ikeda, S., 
Miyata, Y., Masygami, H., et al. 2008. Objective 
assessment of endoscopic surgical skills by analyzing 
direction-dependent dexterity using the Hiroshima 
University Endoscopic Surgical Assessment Device 
(HUESAD). Surg. Today 38(8): 705–710. doi: 
10.1007/s00595-007-3696-0

 7. Egi, H., Hattori, M., Suzuki, T., Sawada, H., Kurita, Y. 
and Ohadan, H. 2016. The usefulness of 3-dimensional 

endoscope systems in endoscopic surgery. Surg. Endosc. 
30(10): 4562–4568. doi: 10.1007/s00464-016-4793-1

 8. Gupta, A., Lawendy, B., Goldenberg, M.G., Grober, 
E., Lee, J.Y. and Perlis, N. 2021. Can video 
games enhance surgical skills acquisition for medical 
students? A systematic review. Surgery 169(4): 821–
829. doi: 10.1016/j.surg.2020.11.034 [published Online 
First: 20210105]

 9. Gallagher, A.G., McClure, N., McGuigan, J., Ritchie, K. 
and Sheehy, N.P. 1998. An ergonomic analysis of the 
fulcrum effect in the acquisition of endoscopic skills. 
Endoscopy 30(7): 617–620. doi: 10.1055/s-2007-1001366

10. Grantcharov, T.P., Bardram, L., Funch-Jensen, P. and 
Rosenberg, J. 2003. Impact of hand dominance, gender, 
and experience with computer games on performance in 
virtual reality laparoscopy. Surg. Endosc. 17(7): 1082–
1085. doi: 10.1007/s00464-002-9176-0

11. Madan, A.K., Frantzides, C.T., Park, W.C., Tebbit, 
C.L., Kumari, N.V.A. and O’leary, P.J. 2005. Predicting 
baseline laparoscopic surgery skills. Surg. Endosc. 19(1): 
101–104. doi: 10.1007/s00464-004-8123-7

12. Madan, A.K., Harper, J.L., Frantzides, C.T. and 
Tichansky, D.S. 2008. Nonsurgical skills do not 
predict baseline scores in inanimate box or virtual-
reality trainers. Surg. Endosc. 22(7): 1686–1689. doi: 
10.1007/s00464-007-9691-0

13. Medina M. 1997. Image rotation and reversal—major 
obstacles in learning intracorporeal suturing and knot-
tying. JSLS 1(4): 331–336.

14. Nomura, T., Miyashita, M., Shrestha, S., Makino, 
H., Nakamura, Y. and Aso, R. 2008. Can interview 
prior to laparoscopic simulator training predict a 
trainee’s skills? J. Surg. Educ. 65(5): 335–339. doi: 
10.1016/j.jsurg.2008.07.008

15. Rosenthal, R., Gantert, W.A., Scheidegger, D. and 
Oertli, D. 2006. Can skills assessment on a virtual 
reality trainer predict a surgical trainee’s talent in 
laparoscopic surgery? Surg. Endosc. 20(8): 1286–1290. 
doi: 10.1007/s00464-005-0635-2

16. Rosser, J.C, Jr., Lynch, P.J., Cuddihy, L., Gentile, 
D.A., Klonsky, J. and Merrell, R. 2007. The impact of 
video games on training surgeons in the 21st century. 
Arch. Surg. 142(2): 181–186; discusssion 86. doi: 
10.1001/archsurg.142.2.181

17. Sun, R.R., Wang, Y., Fast, A., Dutka, C., Cadogan, K., 
Burton, L., et al. 2021. Influence of musical background 
on surgical skills acquisition. Surgery 170(1): 75–80. doi: 
10.1016/j.surg.2021.01.013

18. Tokunaga, M., Okajima, M., Egi, H., Yoshimitsu, M., 
Sumitani, D., Kawahara, T., et al. 2012. The importance 
of stressing the use of laparoscopic instruments in 
the initial training for laparoscopic surgery using box 
trainers: a randomized control study. J. Surg. Res. 
174(1): 90–97. doi: 10.1016/j.jss.2010.11.906

19. Tokunaga, M., Egi, H., Hattori, M., Yoshmitsu, M., 
Sumitani, D., Kawahara, T., et al. 2012. Approaching 
time is important for assessment of endoscopic surgical 
skills. Minim. Invasive Ther. Allied Technol. 21(3): 142–
149. doi: 10.3109/13645706.2011.596547

Nonsurgical skills predict surgical skills 13


