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Abstract
Surgery is known to be a craft profession requiring individuals with specific innate aptitude for manipulative skills, and 
visuospatial and psychomotor abilities. The present-day selection process of surgical trainees does not include aptitude 
testing for the psychomotor and manual manipulative skills of candidates for required abilities. We aimed to scrutinize the 
significance of innate aptitudes in surgical practice and impact of training on skills by systematically reviewing their signifi-
cance on the surgical task performance. A systematic review was performed in compliance with PRISMA guidelines. An 
initial search was carried out on PubMed/Medline for English language articles published over 20 years from January 2001 
to January 2021. Search strategy and terms to be used included ‘aptitude for surgery’, ‘innate aptitude and surgical skills, 
‘manipulative abilities and surgery’, and ‘psychomotor skills and surgery’. MERSQI score was applied to assess the quality 
of quantitatively researched citations. The results of the present searches provided a total of 1142 studies. Twenty-one studies 
met the inclusion criteria out of which six citations reached high quality and rejected our three null hypothesis. Consequently, 
the result specified that all medical students cannot reach proficiency in skills necessary for pursuing a career in surgery; 
moreover, playing video games and/or musical instruments does not promote skills for surgery, and finally, there may be a 
valid test with predictive value for novices aspiring for a surgical career. MERSQI mean score was 11.07 (SD = 0.98; range 
9.25–12.75). The significant findings indicated that medical students with low innate aptitude cannot reach skills neces-
sary for a competent career in surgery. Training does not compensate for pictorial-skill deficiency, and a skill is needed in 
laparoscopy. Video-gaming and musical instrument playing did not significantly promote aptitude for microsurgery. The 
space-relation test has predictive value for a good laparoscopic surgical virtual-reality performance. The selection process 
for candidates suitable for a career in surgery requests performance in a simulated surgical environment.

Keywords Innate aptitude · Psychomotor skills · Surgical performance · Aptitude for surgery · Manipulative abilities · 
Laparoscopic surgery

Background

Traditionally, the selection of surgical trainees has mainly 
been based on academic achievements and subjective 
assessments obtained from non-structured interviews [1, 

2]. While surgery is known to be a craft profession requir-
ing individuals with specific innate aptitude for manipu-
lative skills, the present-day selection process of surgical 
trainees in most countries does not include aptitude testing 
for the visuospatial, psychomotor, and manual manipu-
lative skills of candidates. Consequently, we focused on 
innate aptitudes in the selection process of suitable can-
didates for surgery and we defined ‘innate aptitude’ as an 
‘inborn or congenital skill, talent, or inclination to perform 
and complete a task with or without training.

Some researchers quantified the size of medical stu-
dents’ innate psychomotor skills and recommended to 
recruit technically gifted candidates for surgery [3], while 
others concluded that laparoscopy aptitude tests constitute 
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valuable additions to the assessment of candidates for 
medical specialties that require laparoscopic skills [4].

We aimed to scrutinize the significance of innate apti-
tude in surgical practice and training by systematically 
reviewing its significance on the surgical task perfor-
mance. We also reviewed innate aptitude along with other 
non-surgical skills, for example, playing video games or 
musical instruments, while skills in these non-domain-
specific areas have been thought to facilitate the learning 
of aptitudes needed for surgical task performance. In addi-
tion, the predictors for innate aptitude for surgical skills 
were reviewed.

Methods

Protocol

A systematic review was performed in compliance with 
the PRISMA (Preferred Reporting Items for Systematic 
Review and Meta-Analysis) guidelines [5].

Search strategy and criteria

A search covering 20 years was carried out by means of 
PubMed/Medline for English language articles published 
from January 2001 to January 2021. Search strategy and 
terms to be used included ‘aptitude for surgery’, ‘innate 
aptitude and surgical skills, ‘manipulative abilities and 
surgery’, and ‘psychomotor skills and surgery’.

Only publications related to innate aptitude for sur-
gery were included across all surgical specialties with the 
exception of veterinary surgery. Surgical tasks in surgical 
training programs and surgical performance in experimen-
tal surgical studies were included. Based on the require-
ments of the Medical Education Research Study Quality 
Instrument (MERSQI) to assess the quality of citations, 
quantitatively researched citations were included [6]. 
Qualitative papers, reviews, conference abstracts, letters, 
editorials and commentaries, protocols, and non-English 
publications were excluded.

The retrieved citations were read in full text for further 
assessment for eligibility. Risk of bias was assessed across 
studies.

Quality measurement

The Medical Education Research Study Quality Instru-
ment (MERSQI) was applied to assess the quality of 
quantitatively researched citations [6]. The MERSQI con-
tains ten items that reflect six domains of study quality 

including study design, sampling, type of data, validity of 
evaluation instrument, data analysis, and outcomes. The 
maximum score for each domain was three with a poten-
tial range from 5 to 18. The MERSQI score represents the 
mean of two independent assessors’ quality estimations 
of each citation. For the currently included 21 citations, 
the quality mean was 11.07 (SD = 0.98) scores and the 
scores ranged from 9.25 to 12.75. Scores < 9 would have 
revealed insufficient quality but were not present. Scores 
from 9 to 10.25 represented low quality, scores from 10.50 
to 11.75 revealed moderate quality, and ≤ 12 scores indi-
cated high quality. The distribution of aptitude scores was 
found to be normal when computed by one-sample Kol-
mogorov–Smirnov test (two-tailed p = 0.062 > 0.05; Lil-
liefors corrected).

Results

Study selection and characteristics

The results of the present searches over 20 years provided 
a total of 1142 studies. These studies were screened and 
assessed for eligibility. After the inspection of the titles 
and abstracts, these elements were systematically reviewed 
against the inclusion and exclusion criteria, and 113 papers 
were retrieved out of which 87 papers were excluded 
(Fig. 1). After administration of inclusion and exclusion 
criteria, 21 articles remained in this review. Search items 
were studied from the nature of the article, date of publica-
tion, forum of publication, aim and main findings in relation 
to the effect of innate aptitude on the surgical performance, 
as well as quality scores in agreement with the MERSQI 
protocol.

Results of individual studies

The definitions and tests of various forms of innate apti-
tudes are shown in Table 1. Tabular analysis of the revealed 
citations is presented in Table 2. Out of the 21 citations, 11 
benefited from virtual reality simulators (VRS) and ten from 
dry lab. No significant difference between quality scores was 
found between these two groups VRS M 10.98 [SD 0.96] vs. 
M 11.20 [SD 0.99]; p = n.s.). Medical students and surgical 
novices participated in 18 citations, trainees in three cita-
tions, and they were compared to expert surgeons in four 
citations. 

Out of the 21 citations, six reached high quality through 
MERSQI ratings and our three null hypotheses were rejected 
based on the findings from these high-quality citations 
(Table 3) which significantly overridden the other citations. 
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Fig. 1  Flow diagram
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Table 1  Innate aptitude’s definitions and tests taking place in the present review

Innate aptitude References Definition and testing

Depth perception Cowie (1998) [7] Depth perception refers to the visual ability to perceive the world in three dimensions and 
to evaluate the distance of an object. Pictorial surface orientation testing was developed to 
assess a subject’s perceptual ability in laparoscopic surgery

Perceptual skill Cowie (1998) [7] Perceptual skill denotes the ability to envisage recovering information about 3-D structures 
from 2-D monitor displays to assess its impact on surgical performance. Space-relation test 
was constructed to test this ability

Psychomotor aptitude Dikmen et al. (1999) [8] Psychomotor aptitude means performing motor tasks with exactitude and dexterity. For 
example, using manual and finger dexterity and hand–eye coordination. This was assessed 
using a grooved pegboard

Space-relation ability DAT (1996) [9] To assess the ability to visualize a three-dimensional object from a two-dimensional pattern 
and to visualize how this object would look if rotated in space, the space-relation test 
(SRT) was constructed

Visual–spatial aptitude Carrol (1993) [10] Visual–spatial aptitude is the ability to generate, transform, and retain structured visual 
images. That is, to mentally manipulate two-dimensional and three-dimensional figures
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The difference between high-quality papers and medium/low 
quality was significant (M 12.13 [SD 0.32] > M 16.65 [SD 
0.82], t [19] = 4.221, p < 0.0005 two-tailed).

The first null hypothesis

‘Regardless of level of innate aptitude, all medical students 
can reach proficiency in skills necessary for pursuing a 
career in surgery’ was rejected, while aptitude plays a key 
role in learning advanced skills necessary for laparoscopy 
[13, 24]. Namely, Buckley et al. tested innate aptitude by 
scoring surgical novices. Group A (n = 10) included students 
with a high level of innate aptitude and another group B 
(n = 10) comprised students with low level of innate aptitude 
in visual spatiality, depth perception, and psychomotor skills 
[24]. The results indicated that group A with novices with 
high aptitude achieved proficiency after a mean of seven 
attempts (range 4–10). In group B with novices with low 
aptitude altogether 30% achieved proficiency after a mean 
of 14 attempts (range 10–16). In group B, 40% demonstrated 
improvement but did not attain proficiency, and a total of 
30% failed to progress. In other words, aptitude plays a sig-
nificant role in learning advanced skills as candidates with 
low innate ability were unable to reach proficiency despite 
repeated training.

Gallagher et al. suggested that perceptual skills connected 
to recovery of data about depth from pictures are applica-
ble to changes in laparoscopic routine [13]. The ability to 
recover depth from pictures develops progressively during 
childhood, and the skill improves with operating laparoscop-
ically. While no differences between experienced surgeons 

and other groups regarding PicSOr were observed, it seems 
probable that the skill is fixed in adulthood. Therefore, 
preselection for pictorial skills is reasonable, while train-
ing does not compensate for pictorial-skill deficiency. Gal-
lagher et al. recommend that a relevant battery of tests could 
and should include measures of perceptual skills related to 
recovering information about depth from pictures. PicSOr 
provides a simple measure of talent in that area. As such, it 
offers a possible way of assessing which trainees have the 
fundamental visuospatial and depth perception aptitudes to 
eventually learn Minimal Access Surgery (i.e., natural apti-
tude). Yet, both Buckley et al. and Gallagher et al. supported 
the use of objective selection processes based on innate apti-
tude to choose suitable trainees who are likely to succeed in 
surgery, if selected [13, 24].

The second null hypothesis

Playing video games and/or musical instruments promote 
skills for microscopic surgery through transfer from gaming 
and playing instruments. The null hypothesis was rejected 
based on findings in two high-quality studies [26, 30].

Osborn et al. determined whether video gaming or musi-
cal instrument playing would predict aptitude for a microsur-
gical task [26]. Altogether 46 students performed a micro-
surgical task using a novel simulator and their performance 
was assessed by blinded raters. There was no correlation 
between video gaming and improved microsurgical perfor-
mance. Most students played a musical instrument. Within 
this group, the highest scores were obtained by musicians 
who began playing before the age of 6. However, musicians 

Table 3  Citations with high MERSQI scores and null hypotheses

Research Null hypotheses MERSQI

Citations Regardless of level of innate aptitude, all medical students can reach proficiency in skills neces-
sary for pursuing a career in surgery

Quality scores

 Buckley et al. (2014) [24] Findings: Some low-aptitude medical students cannot reach proficiency in skills necessary for 
pursuing a career in surgery

High 12.0

 Gallagher et al. (2003) [13] Training does not compensate for deficiency in skills needed for laparoscopy High 12.0
Citations Playing video games and/or musical instruments promote skills for microscopic surgery through 

transfer
 Moglia et al. (2018) [30] Findings: No significant Spearman correlation with video games and/or musical instruments were 

found in medical students with high, average, and low level of innate psychomotor skills
High 12.75

 Osborn et al. (2015) [26] No disparity in microsurgical aptitude between gamers and non-gamers was found. Musicians 
who began playing at a younger age did better than those who began playing later; yet non-
musicians performed at a similar level to the best of the musicians

High 12.0

Citations There are no test with predictive value for novices aspiring for a surgical career
 Francis et al. (2001) [11] Findings: The space-relation test (SRT) has predictive and selective value, identifying individuals 

who have good laparoscopic surgical virtual-reality performance, given that the age norm is fol-
lowed. The norm is based on an analysis of 236 adults (mean age 30.25 years) receiving career 
guidance in the United States with varied educational background

High 12.0

 Schijven et al. (2004) [14] The space-relation test (SRT) has predictive and selective value, identifying individuals who have 
good laparoscopic surgical virtual-reality performance

High 12.0
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did not obtain higher scores than non-musicians, regardless 
of their age of commencement. Thus, no improvement in 
microsurgical aptitude was seen neither in students who 
had a history of video gaming nor from musical instrument 
playing.

Moglia et al. studied a volunteer sample of 155 medical 
students and the large majority (83.2%) of the participants 
was found to possess average aptitude for surgery [30]. Out 
of nine top performers, five had experienced both video-
gaming and musical instrument playing, but Spearman rho 
correlation both with video-gaming and musical instrument 
playing was non-significant. Seventeen students underper-
formed, eight with skills in video games and musical instru-
ment, three with experience in video-gaming; and five with 
musical instrument playing but Spearman rho correlation 
with video games and musical instruments was non-signifi-
cant. Also, the 129 subjects with average performances had 
no significant Spearman rho neither with video games nor 
with musical instruments.

The third null hypothesis

There are no tests with predictive value for novices aspiring 
for a surgical career. The null hypothesis was rejected based 
on findings by Francis et al. and Schijven et al. [11, 14]. 
Francis et al. administered The Space Relations Test (SRT) 
to 20 master endoscopic surgeons (age median 47; range 
38–57) compared to 20 medical students (age median 21; 
range 18–28) with no previous experience in surgery [11]. 
The researchers found that if the age norm for this test is fol-
lowed, SRT is a valuable test for surgical aspirants. Francis 
et al. claimed that because of a possible age factor effect, it 
would be unwise to dismiss tests of visuospatial ability in 
aptitude assessments for selection of surgical trainees. The 
test’s age norm is based on an analysis of 236 adults (mean 
age 30.25 years) receiving career guidance in the United 
States with varied educational background. SRT is a subtest 
of the Technical Abilities Battery of the Differential Apti-
tude Tests (Psychological Corporation Ltd.). It evaluates the 
aptitude to reconstruct a three-dimensional object from a 
two-dimensional pattern as well as the ability to conceptu-
alize the object when rotated in space. The test consists of 
50 tasks. For each task, there is one unfolded test diagram 
and four optional folded patterns, one of which results in the 
correct folded diagram. The novice aspiring for a surgical 
career must identify the appropriate alternative [9].

Schijven et al. [14] found that SRT had a predictive and 
selective value in identifying people who achieve good lapa-
roscopic surgical act on the Xitact simulator. SRT is highly 
correlated with The Abstract Reasoning Test (ART) [11]. 
Partakers scoring > 45 on the SRT and > 35 on ART are 
unlikely to be unsuccessful on the Xitact simulator. Yet, a 

“good” surgeon is more than accumulated knowledge and 
psychomotor abilities. Personality traits, i.e., interest, endur-
ance, empathy, stress-resistance, and decision-making abili-
ties, are necessary for becoming a good surgeon.

Risk of bias within and across studies

The Medical Education Research Study Quality Instrument 
(MERSQI) was designed to evaluate the methodological 
quality of medical education research [6]. While the MER-
SQI has been demonstrated to be a reliable and valid instru-
ment for measuring methodological quality in medical edu-
cation research, we applied it in our systematic review. The 
risk of bias within studies consisted of the small groups of 
participants, which fact always is accompanied with bigger 
SD making it more difficult to get significant results. It was 
claimed that MERSQI is not limited to intervention studies 
only, but is appropriate for all quantitative studies [32]. This 
constitutes the risk of bias across the present study as we 
had to exclude qualitative and review studies. The MERSQI 
scale was found to be somewhat robust and clumsy as well 
as demanded discussions between raters for the final inter-
rater consensus about citations’ quality scores. The maxi-
mum scores of MERSQI was 18, but no citation came close 
to that number.

Discussion

We studied the effect of innate aptitude on the surgical per-
formance. High-quality studies supported the idea that the 
selection of medical students to a career in surgery should 
be based not only on academic achievements and subjective 
assessments such as non-structured interviews [1, 2] but on 
objective measures considering the surgery’s craft-natured 
profession requiring individuals with specific innate aptitude 
for visuospatial and for manipulative skills, not only suitable 
for open surgery, but more so for sophisticated laparoscopic 
task performance.

Innate aptitude plays a major role in learning skills nec-
essary for laparoscopy [13, 24]. High innate aptitude for 
surgery results in better outcomes in operating theaters. It 
was previously revealed that the most encouraging skills cor-
relating with laparoscopic and arthroscopic simulator suc-
cess were those of visuospatial aptitude, psychomotor skills, 
and perceptual talent [33]. All medical students cannot reach 
proficiency in some of the skills relevant for laparoscopy 
[34]. On the other hand, it has also been disclosed that apti-
tude tests can be used to predict parts of the individual dif-
ferences in laparoscopic skills in forms of useful additions to 
simulator-based assessment [35]. A laparoscopy aptitude test 
could help low-aptitude students to make their right career 
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decision. They can invest their time and energy in a specialty 
that more closely matches their talent.

The idea that video gaming and/or playing musical instru-
ments would promote skills for microscopic surgery did not 
get support [25, 26]. Tetris is one of the leading video games 
in the world and has sold in more than 202 million copies. 
Tetris requires intelligence and skill and was speculated to 
benefit laparoscopic performance, although video-gaming 
is a non-domain aptitude. In contrast, domain-specific com-
petence depends on genes, environment, practice, and traits 
in complex interactions [36]. Two previous experiments 
explored if expertise on Tetris transfers to measures of spa-
tial ability [37]. Tetris-player experts surpassed non‐Tetris 
players on mental rotation of shapes if the shapes were 
identical to or almost similar to those of Tetris, but did not 
benefit other tests of spatial ability. All in all, the results sug-
gested that spatial expertise is highly domain‐specific and 
does not transfer broadly to other domains [36].

Also, transfer from playing music to laparoscopic task 
performances in surgical novices does not occur [36]. The 
researchers studied the association between music prac-
tice and accuracy of motor timing and discovered that the 
relationship disappeared when controlling for genetics and 
shared environment. This agrees with a twin study on train-
ing of the rotary pursuit task, in which the genetic influences 
on performance as well as on rate of learning were disclosed 
[38]. In other words, the selection of medical students to a 
career in surgery should neither rely on student’s experience 
of video games nor on their experience of playing musical 
instruments.

It was claimed that no single test has been reported to 
reliably predict technical performance across the range of 
techniques and skills required of surgical trainees [39]. Nev-
ertheless, visual spatial tests have demonstrated some prom-
ise, but only in predicting performance on a specific subset 
of surgical tasks. The SRT was used to assess visuospatial 
ability and can be used in aptitude assessment for selection 
of surgical trainees [11]. The importance of visuospatial 
ability in surgery has been emphasized and it has been sug-
gested that visuospatial ability is related to competency and 
quality of results in complex surgery, and could be used 
in resident selection, career counseling, and training [40]. 
Furthermore, the assessment of visuospatial ability and the 
use of SRT for selection of surgical trainees have been pre-
viously well supported [14]. SRT has been administered to 
1391 aspirants to a dental school in a study. Little correlation 
was found between SRT and GCE 'A' level grades, showing 
that SRT measured different aptitude but disclosed a strong 
relationship between students scoring poorly on SRT and 
then resigning from the course or failing to graduate on time 
[41].

Traditionally, academic achievement is a strong predictor 
of successful completion of training programs and success 

in end-of-training examinations, but does not predict clinical 
performance during the training program [42]. Therefore, 
that kind of achievement can be complemented with aptitude 
tests [33]. Nevertheless, motivation, perseverance, and pur-
poseful practice were considered as greater determinants of 
technical performance than a score on an aptitude test [35]. 
Yet, the importance of testing non-technical skills for sur-
geons by NOTSS was stressed, but it has been claimed that 
the best option to select candidates suitable for a career in 
surgery would be assessments in a simulated surgical envi-
ronment, where the artificial environment replicates the real-
ity, and where the candidates’ skills in forms of teamwork, 
communication, and response to stress are assessable [43]. 
However, a simulated operating theater is not achievable in 
every hospital, and therefore, NOTTS could be used and 
applied for an early evaluation and training of non-technical 
skills for medical students aspiring to become surgeons.

Clinical implication and future direction

The role of psychological motivation for surgical activity is 
underestimated. The psychological motivation for a career 
in medical specialties of 318 medical students was studied 
[44]. Aspects influencing the Specialty preference (SP) were 
reduced by Principal Component Analysis to the compo-
nents: 'working situation' (comprising extrinsic motiva-
tion), 'specialty prospect' (containing intrinsic motivation), 
and 'career opportunity' (including dual motivation). Males’ 
common SP’s were surgical specialties; females interested in 
surgical specialties were more career driven (i.e., liked pres-
tige, research opportunity, career prospects, and got encour-
agement from family and professor). Males pursuing surgi-
cal specialties, scored higher on 'career opportunity', and 
they were both intrinsically and extrinsically motivated for 
their SP. Extrinsically motivated students looked for external 
sources of support, they needed external rewards for hard 
work. Yet, medical students were found to over- or under-
estimate their factual ability in subjective self-ratings. This 
fact made us doubt that psychological motivation is enough 
to successfully pursue a career in surgery which requests 
complex technical skills. The role of psychological motiva-
tion for surgical activity can be the subject for future studies.

The effectiveness of admission interviews has been evalu-
ated as a tool for predicting candidates' performance in the 
medical program, and it was found in the regression analy-
sis that, for example, in year 2, that the interview scores 
explained only 3.9% of the variance in the performance 
in the selection process The selection tools altogether 
explained 13.5% of that variance and the tools did not cor-
relate with each other. The result was explained in terms 
that the selection tools worked well alone, but they did not 
correlate highly with each other, or the interview process did 
not measure what it was supposed to measure [45].
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Therefore, there is a need to evaluate the effectiveness of 
admission tools against a broad range of outcomes within 
and beyond the medical program [46]. Our review provided 
useful examples of selection tools for the measurement of 
students’ different aptitudes by testing innate aptitudes dis-
closing suitability for a competent career in surgery.

Conclusion

The significant findings indicated that medical students with 
low innate aptitude are not able to reach skills necessary for 
a competent career in surgery. Training does not compensate 
for pictorial-skill deficiency, and a skill is needed in lapa-
roscopy. Furthermore, spatial ability does not benefit from 
video gaming. Also, playing music instruments does not 
benefit aptitude for microscopic surgery. The mentioned tal-
ents are domain-specific competences contingent on genetic 
factors, environmental essentials, practice, and personality 
traits. These aspects interact with each other in a multifac-
eted way. Therefore, the selection of candidates suitable for 
a career in surgery should ideally be assessed in a simulated 
surgical environment.
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