
R

A
m

M
K
a

b

c

U

a

A
R
R
1
A

K
G
M
U
S
C
C

1

o
e
s
a
S
e

i

h
0

Annals of Anatomy 221 (2019) 48–56

Contents lists available at ScienceDirect

Annals  of  Anatomy

jou rn al hom epage: www.elsev ier .com/ locate /aanat

ESEARCH  ARTICLE

larming  decline  in  recognition  of  anatomical  structures  amongst
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a  b  s  t  r  a  c  t

Background:  Insufficient  anatomical  training  can  put  patients’  safety  at risk.  The  aim of this  study  was  to
assess the  proficiency  of  medical  students  and physicians  in identifying  labeled  anatomical  structures.
The  second  aim  of the  study  was  to evaluate  factors  that  can  affect  this  recognition.
Methods:  An  internet-based  survey  where  participants  had  to  correctly  identify  labeled  anatomical  struc-
tures on  cadaveric  specimens  was  designed.
Results:  The  study  group  included  1186  participants  (58.7%  females):  931  medical  students  and  255  med-
ical  graduates  from  all  twelve  Polish  medical  schools.  The  mean  total  survey  score  for  the  entire study
group  was  65.6%.  Students  gained  significantly  higher  results  than graduates  (total:  67.3%  vs. 59.5%,
P  < 0.001);  331  (27.9%)  participants  did  not pass  the test  (<60).  There  was a correlation  observed  between
points  gained  in  this  survey  and  grade  obtained  in  the  gross  anatomy  course  (P  < 0.001).  Multivariable
logistic  regression  found  that  participation  in cadaver  laboratory  classes  most  strongly  increases  anatom-
ical competencies  (OR  = 5.30, 95%CI  =  1.20–23.40,  P  =  0.03).  Other  significant  factors  boosting  anatomical
proficiency  were  membership  in students’  scientific  clubs,  being  male,  and  having  a  high grade  (≥80%)  in
initial  gross  anatomy  course.  The  time  since  anatomy  course  completion  was  negatively  correlated  with
the  total survey  score  (OR  =  0.86,  95%CI  =  0.81–0.92,  P  <  0.001).

Conclusions:  Anatomical  knowledge  of Polish  medical  students  is  moderate  (<70%)  and  it significantly
decreases  with time.  Anatomical  structure  recognition  can  be up  to 25% lower  in  highly  trained  physicians
when  compared  to  pre-clinical  medical  students.  This  trend  may  be reversed  by replacing  subject-based
anatomy  courses  with  system-based  (integrated)  curricula  at the  undergraduate  level  or  introducing
short  refresher  anatomical  courses  during  postgraduate  training.

©  2018  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Medical students and practitioners consider gross anatomy as
ne of the most important courses during medical school (Orsbon
t al., 2014; Turney, 2007; Vorstenbosch et al., 2016). Despite
uch declarations, their knowledge and ability to recognize major

natomical structures is far from impressive (Dickson et al., 2009;
avran et al., 2015). This is quite alarming, since detailed knowl-
dge of human anatomy is not only a prerequisite for surgical,

� This paper belongs to the special issue Medical Education 2018.
∗ Corresponding author at: Department of Anatomy, Jagiellonian University Med-

cal College, ul. Kopernika 12, 31-034 Kraków, Poland.
E-mail address: mkh@onet.eu (M.K. Hołda).

ttps://doi.org/10.1016/j.aanat.2018.09.004
940-9602/© 2018 Elsevier GmbH. All rights reserved.
interventional (e.g. interventional cardiologists and neurologists),
and radiological specialists, but it is also essential for most inter-
nal medicine practitioners (Orsbon et al., 2014). An inadequate
knowledge of the particular anatomical structure can affect future
understanding of its function or dysfunction (Yammine, 2014). The
inability to properly identify anatomical structures is a serious
handicap, and insufficient anatomical training may  put patients
safety at risk (Ates et al., 2016; Dickson et al., 2009; Dixon et al.,
2018; Harrison and Hilmi, 2014).

Currently, there is debate amongst anatomists and academics
about whether medical students and physicians possess an ade-

quate working repertoire of anatomical structures (Bergman et al.,
2011). Some evidence suggests anatomical knowledge among med-
ical professionals has declined in recent years and may  in fact be

https://doi.org/10.1016/j.aanat.2018.09.004
http://www.sciencedirect.com/science/journal/09409602
http://www.elsevier.com/locate/aanat
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aanat.2018.09.004&domain=pdf
mailto:mkh@onet.eu
https://doi.org/10.1016/j.aanat.2018.09.004
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nsufficient, which could lead to an increased amount of medical
rrors. A very exhaustive gross anatomy curriculum, reductions in
eaching hours and a proven loss of basic anatomical knowledge
s a function of time may  all be responsible for this phenomenon
Bergman et al., 2011; Doomernik et al., 2017; Yammine, 2014).

oreover, other factors such as nonmedically qualified anatomy
nstructors, absence of a core anatomy curriculum, decreased use
f dissection as a teaching tool, lack of clinical relevance and the use
f inadequate assessment tools also seem to negatively influence
natomical acquisition and retention (Bergman et al., 2014).

In order to become familiar with human anatomy, medical stu-
ents need to be exposed to several teaching techniques. To help
einforce the studied material, a healthy mix  of theory, pictorial
epresentations and cadaveric dissections is required. Conveying
his course via a multiple representation approach is supported by
he Cognitive Theory of Multimedia Learning, which postulates that
earners process information through separate auditory-verbal and
isual-pictorial channels (Holland et al., 2015). Moreover, the use of
mages, text, and cadaveric classes has been shown to enhance the
evelopment of spatial abilities, further helping students visualize
nd understand the human body (Nguyen et al., 2012). Team-based
earning methods, adequate learning resources, small groups of stu-
ents, qualified instructors, use of multiple good-quality cadavers
nd dissection images along with frequent formative and sum-
ative assessments have also been shown to boost anatomical

nowledge acquisition (Burgess et al., 2012).
Research shows that students prefer their anatomical knowl-

dge tested via practical assessments (identifying tagged struc-
ures) (Rowland et al., 2011). Up until now, no large study
valuating the proficiency in recognizing anatomical structures
etween medical students and physicians at different stages of their
areers has been conducted. Previous studies assessing anatomi-
al knowledge focused on small groups of participants (no more
han 150) and compared subjects with similar levels of medical
ducation or medical practice (Ikah et al., 2015; Meyer et al., 2016).

Polish medical undergraduate studies last six years with the
equired entry level being an attainment of a high-school diploma.
he medical education is divided into two phases: pre-clinical
first to third year of study) which covers basic science courses,
nd clinical (from the fourth year) which includes bedside teach-
ng and in-hospital training. There is no national standardized
natomy curriculum in Poland, but anatomical education is sim-
lar between all Polish medical schools. At the time of this work,
ll anatomical curricula in Polish medical faculties were subject-
ased, and taught during the first year of studies (Janczukowicz,
013). Generally, anatomy classes are comprised of 2 major course
omponents; there is a lecture component (20–90 h), and a lab com-
onent (65–160 h) which includes cadaveric prosections. In Poland,
natomy is generally taught via this traditional instructional mode
lectures and cadaveric dissections), although other resources
ncluding 3D anatomical models, 3D printed organs, ultrasonog-
aphy, computed tomographic/magnetic resonance imaging scans,
nd “virtual cadavers” are also available. At the end of the entire
natomy course, both theory-based (written) and practical (pin/tag
est) examinations are conducted, and results from these evalua-
ions reflect the final grade for this subject (Zurada et al., 2011).

In Europe, there is a lot of variation in anatomical curricula and
ourse formats. Over the past few years, there has been a trend
o replace the traditional, subject-based approach by integrated
urricula with multimodal teaching tools, (Estai and Bunt, 2016)
ut some universities continue to promote the former instructional
ode. Central and eastern European schools are part of this belief
nd include famous schools such as the University of La Sapienza
n Italy, which offers a three-semester subject-based course. The
iversity of approaches is not limited by this distinction. The length,
mphasis, content, and presentation are also unique to each uni-
tomy 221 (2019) 48–56 49

versity. It suffices to look at a few renown schools to illustrate
the impressive assortment of anatomy curricula. For instance, The
French L’Université Paris Descartes offers a subject-based clinical
and numerical anatomy program, but what makes it one-of-a-kind
is its anatomical drawing classes. At the University of Cambridge
in the United Kingdom, students have a much longer anatomy
course. There, students undergo a two-year long, subject-based
topographical anatomy course (first year covers thorax, abdomen,
pelvis, upper and lower limbs; second year covers head and neck
anatomy) and are taught primarily through cadaveric dissection
(although their course is also supplemented by lectures, applied
anatomy sessions and clinical demonstrations). On the other hand,
the School of Medicine Charité in Berlin, Germany offers anatomi-
cal education by integrating it with other courses, and this up to the
ninth semester of medical school. From the third semester students
may  also participate in a dissection course, which runs in the third
and fourth semester as a parallel course to other modules, but to
which it is adapted thematically.

As mentioned earlier, Polish anatomical education is subject-
based and taught exclusively during the first year of medical school.
Since all physicians undergo relatively similar training in this
domain, Poland constitutes a great environment to test anatom-
ical knowledge on a larger sample size. This study aimed to assess
and compare the anatomical proficiency among medical students
and medical physicians at all stages of their careers. The second
aim of the study was  to evaluate factors which affect recognition
of anatomical structures. We  hypothesized that anatomical knowl-
edge declined during later stages of medical education and practice.

2. Materials and methods

2.1. Study design

The study protocol for this research conformed to the ethi-
cal guidelines of the 1975 declaration of Helsinki. An anonymous
cross-sectional survey was  designed to evaluate the recognition
of anatomical structures among undergraduate medical students
and medical physicians. This internet-based survey was  distributed
exclusively via social media, mailing lists, and discussion websites;
it was  available from February 21st to April 17th, 2017. Before
beginning the study, participants were informed about its aim and
informed consent was  obtained electronically. Detailed instruc-
tions on how to complete the survey were provided. The survey
also secured against multiple responses from one person by limit-
ing the access to the questionnaire via a verification system based
on the Internet Protocol address.

2.2. Exclusion and inclusion criteria

Polish undergraduate medical students (regardless of year of
study) and physicians (regardless of the stage of their carrier) could
partake in this study. Other medical and health professionals (both
students and graduates) were excluded. No other exclusion criteria
were applied. The survey reached 2107 participants, and 372 did
not meet the inclusion criteria. Of the 1735 participants, 1186 per-
sons (68.4%) fully completed the survey and were included in the
study.

2.3. Internet-based survey

The participants were asked about nine demographic details:
sex, age, year of study (or time since graduation), medical school

name (both students and graduates), clinical interests or chosen
residency program (surgical or non-surgical), length of anatomy
course (in semesters), final grade in their anatomy course, atten-
dance in cadaver laboratory classes during their anatomy course,
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Fig. 1. Test characteristic curve showing the relationshi

nd whether they belonged to student scientific circles (anatomy,
urgical, other basic science or other non-surgical circles). Partic-
pants were also asked to subjectively evaluate their anatomical
nowledge before starting the pin/tag test; their self-assessment
core was ranked out of a four-grade scale (excellent (5), good (4),
atisfactory (3) or poor (2)).

The questionnaire was designed to simulate the laboratory part
f the final examination conducted among Polish undergraduate
edical students during the human anatomy courses (pin/tag test).

ompetency in recognition of anatomical structures was assessed
y 20 questions divided into two blocks based on recognizing 20
natomical structures in various human body regions. Each ques-
ion concerning the interpretation of a single anatomical structure
ad a response time limit of 45 s and was displayed independently
ithout the possibility of returning to the previous question. If the

ime limit was exceeded, then the next question was automatically
isplayed.

 Block I — 10 multiple-choice closed-ended questions with a
request to properly naming the following structures: (1) renal
papilla, (2) corpus callosum, (3) left gastric artery, (4) horizontal
fissure of the right lung, (5) anterior interventricular branch of
left coronary artery, (6) inferior mesenteric artery, (7) common
bile duct, (8) soft palate, (9) oval foramen of the skull, and (10)
left common carotid artery (Supplementary Fig. 1). Five possible
names were suggested for each structure, but only 1 was correct.

 Block II — 10 open-ended (fill-in the blank) questions with a
request to properly name the following marked structures: (11)
trachea, (12) right vertebral artery, (13) cauda equina, (14) cere-
bral falx, (15) right subclavian artery, (16) sternocleidomastoid
muscle, (17) tendinous chords, (18) pulmonary trunk, (19) inter-
ventricular septum, and (20) ureter (Supplementary Fig. 2).
.4. Material selection

All cadaver specimens were photographed in the anatomical
osition and structures to be identified were marked in a routine
een total score on a test and person location estimate.

way. The photographs used in this study were selected from a larger
databank (100 structures) and included all anatomical regions and
organs. This database was used previously, and the difficulty level of
each marked structure was validated on a group of 50 second-year
medical students — the difficulty level correlated inversely with the
percentage of correct answers. The group of medical students used
for validation was  excluded from the study group. The validation
process aimed to choose 20 structures with varying degrees of dif-
ficulty starting from 90% to 30%. Degree of difficulty was  assigned
based on percentage of correct answers during validation process.
Due to the lack of precise guidelines and a wide range of poten-
tial clinical applications in various medical specialties of different
anatomical structures, the clinical significance of the structure or
anatomical region where the structure is located was not a criterion
for selection.

2.5. Evaluation of answers

The possible maximal score in this survey was  20 points. For
each properly identified structure, participants gained 1 point.
For multiple-choice closed-ended questions (block I), the correct
answers were compiled automatically. For open-ended questions,
(block II) the answers were scored automatically using a key.
Answers in Polish, English, or Latin were accepted; single spelling
errors were tolerated and considered as good answers. The total
score was calculated as a sum of points cumulated from block I and
block II questions. The Item response theory paradigms were used
to determine the passing score. The relation between true scores
and ability scores was  identified by using the Rasch model, which
is simple and does not require complex estimation. The obtained
model is easy to understand and apply (Chi-square test 139.128 and
P < 0.001) (Fischer and Molenaar, 2012). Fig. 1 presents the identi-
fied relationship between abilities and the total score. Based on the

Rasch model, students were graded according to their total score in
the following way: 18–20 pts — excellent or 5.0; 16–17 pts — good
or 4.0; 11–15 pts — satisfactory or 3.0; ≤10 pts — poor/failure or
2.0.
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For this study, we distinguished between pre-clinical medical
tudents (from 1st to 3rd year of study) and clinical medical stu-
ents (from 4th to 6th year of study). Medical students which
raduated less than a year ago were defined as medical interns.
raduates of medical schools enrolled in a medical residency
rogram were classified as residents, whereas physicians with
ompleted residency training were labeled as specialists.

.6. Statistical analysis

All data was analyzed using Statistica version 13.1 PL (Stat-
oft Inc., Tulsa, OK). The percentage of correct answers within

 single block was calculated by dividing the number of cor-
ect answers by the total number of questions in each block. The
ormal distribution was checked using a Shapiro–Wilk test. The
evene’s test was performed to verify the homogeneity of vari-
nce. The results are reported as a percentage, as a mean with
tandard deviation (SD), and as a median with interquartile range
Q1–Q3) based on the normal distribution. The study of categorical
ariables employed a Chi-square test of independence with a Bon-
erroni correction applied for multiple comparisons. The t-test and
NOVA test were used for normally distributed quantitative data.
he Mann–Whitney U test and the Kruskal–Wallis test were used
or non-normally distributed quantitative variables. Multiple com-
arisons were performed to assess differences in scores between
articipants from different universities. To check if the effects had

 relevant magnitude, the effect sizes (Cohen’s D) were calculated
o describe the strength of a phenomenon. The internal consistency
as measured using Cronbach’s alpha (Cronbach, 1951). A corre-

pondence analysis plot described the relationship between grades
arned in the survey and grades earned in the anatomy course as
ell as self-evaluations. If certain row and column points deviated

n the same direction, then there was an increased likelihood that
here was an association between the two variables.

A multivariable logistic regression model was used to identify
he factors that significantly influenced competency in recogniz-
ng anatomical structures. The outcome variable was  a grade of
ood or higher (≥80%). Sex, time elapsed since anatomy classes,
linical interests or chosen residency/specialization (surgical or
on-surgical), length of anatomy course, grade earned during the
natomy course, participation in cadaver laboratory classes, and
ast membership in an anatomical, surgical, or any other clin-

cal/scientific student association were independent variables. A
orrelation coefficient was used to check associations between
arameters. A P-value of less than 0.05 was considered statisti-
ally significant. The power analysis indicated that 253 participants
ere needed to detect a statistical difference between two groups

t a level of 10% (estimated SD = 20% points) for 80% power with a
% significance level (two-tailed;  ̨ = 0.05;  ̌ = 0.2). The calculated
ronbach Alpha was 0.76. The results of this test indicated that the
odel possessed internal validity.

. Results

.1. Profile and characteristics of the study group

A total of 1186 medical students and graduates (58.7% female)
rom all 12 Polish medical faculties partook in this study. The mean
ge of respondents was 23.3 ± 3.7 years and more detailed demo-
raphic characteristics are shown in Table 1. Most of the surveyors
ere undergraduate medical students (931 participants) of which
22 were pre-clinical (form 1st to 3rd year of study) and 409 were
linical (from 4th to 6th year of study). There were 119 pre-clinical
articipants who at the time of the survey were still enrolled in
heir anatomy course (they had not yet approached their final Ta
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Fig. 2. Mean (±standard deviation) survey scor

natomy exam), but they completed the whole tag/pin test and
heir score results were included nonetheless. Moreover, 255 med-
cal school graduates also participated in the survey (median time
rom graduation: 2 years, range: 1–28 years). This number encom-
assed 119 medical interns (within one year of graduation), 123
esidents (median time of medical practice: 2 years, range: 2–6) and
3 specialists (median time of medical practice: 10 years, range:
–28).

Overall, undergraduate students had higher final marks in
heir anatomy course than their graduate counterparts (3.32 ± 0.96
s 3.14 ± 0.89 respectively; P < 0.001; Cohen’s D = 0.191). Self-
ssessment scores were comparable in both groups (2.96 ± 0.71
s 2.98 ± 0.73, respectively; P = 0.82). In contrast to graduates,
ndergraduates accounted for a much higher percentage of par-
icipants with less than two semesters of anatomy training (55.4%
s. 2.8%; P < 0.001). Both students and graduates had near sim-
lar participation levels in cadaveric laboratory classes (98% vs.
6.5%, P = 0.16). There were also no significant differences in clini-
al interests/specialization (surgical or non-surgical) between the
tudents and graduates who  enrolled in the study (40.3%/59.7% vs.
6.5/63.5%, P = 0.159).

.2. Survey results

This study demonstrated that medical students achieve better
esults in a pin/tag test than medical graduates; however, both
roups had moderate level scores (below 70%) and a significant
umber of participants failed the test. The mean total survey score

or all participants was 65.6 ± 18.0%; 65.9 ± 18.2% for closed-ended
block I) and 65.3 ± 23.4% for open-ended (fill-in the blank, block
I) questions. The mean survey scores of the study sub-groups are
ummarized in Fig. 2. There were no differences in results between
lock I and block II questions in all study sub-groups (P > 0.05)
xcept for the pre-clinical students (P = 0.002). Undergraduates
ad higher total test scores (67.3% vs. 59.5%, P < 0.001; Cohen’s

 = 0.448) and scored better within individual question blocks

hen compared to graduates (block I: 68% vs. 58.1%, P < 0.001,
ohen’s D = 0.556; block II: 66.5% vs. 60.8%, P < 0.001, Cohen’s

 = 0.245). The only significant difference between pre-clinical and
linical students was observed for closed-ended questions (block
study sub-groups. N — number of participants.

I); pre-clinical undergraduates did better in this section (P = 0.001;
Cohen’s D = 0.217). No differences were observed between interns,
residents, and specialists (P > 0.05). A total of 247 (20.8%) partic-
ipants did not pass the test ( <11 pts); in total, 17.8% of medical
students and an overwhelming 31.8% of graduates failed the test
(P < 0.001). A very similar number of participants (332, 28.0% total)
earned a grade of good or excellent (≥80%), but there was also
a noticeable discrepancy in score distribution between students
and graduates (30.7% of students vs. 18.0% of graduates scored this
well, P < 0.001). Differences were also observed between partici-
pants from different medical schools (P < 0.001; Cohen’s D = 0.576),
and the largest disparity in total score results between participants
from two  different schools was  25.6% (Table 2).

3.3. Factors affecting anatomical proficiency

3.3.1. Gender-specific differences
In comparison to female participants, male participants earned

significantly higher mean scores in the survey (total: 68.9% vs.
63.3%, P < 0.001; block I: 68% vs. 64.4%, P < 0.001 and block II
69.8% vs. 62.2%, P < 0.001). Multivariable logistic regression analysis
showed a similar trend (OR = 1.74, 95%CI = 1.33–2.26, P < 0.001).

3.3.2. Medical specialty/interest
Students or graduates interested in surgical specialties did not

perform better than those in non-surgical specialties (P > 0.05).
Interest in a surgical vs. a non-surgical field was also found to be a
non-significant factor in the multivariable logistic regression model
(OR = 0.87, 95%CI = 0.64–1.18, P = 0.36).

3.3.3. Duration of anatomy course
A comparison between participants enrolled in a one-semester

vs. two-semester anatomy course revealed significantly higher
mean scores in the former (total: 70.4% vs. 64.4%, P < 0.001; block I:
71.8% vs. 63.9%, P < 0.001; block II: 69% vs. 64.4%, P = 0.002). How-

ever, this group of participants was  represented by students from
only one medical school (medical school No. 4) and the mean total
score for all participants from this university was second highest
(70.2%) (Table 2).
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Table  2
Mean ± SD survey scores according to medical school and description of current anatomical curriculum of these schools.

Medical
school

Number of
participants

Mean ± SD
closed-ended
questions score
(block I)

Mean ± SD
open-ended
questions score
(block II)

Mean ± SD total
score

Length of
anatomy course
(in semesters)a

Number of
anatomy lecture
hoursa

Number of
anatomy seminar
hoursa

Number of
cadaver
laboratory
classes hoursa

1 75 63.5% ± 20.4% 57.7% ± 23.5% 60.6% ± 19.4% 2 80 0 130
2  78 72.0% ± 15.4% 72.0% ± 22.4% 72.0% ± 16.6% 2 90 0 120
3  22 49.1% ± 17.7% 43.6% ± 20.6% 46.4% ± 16.6% 2 55 0 125
4  413 70.8% ± 17.1% 69.5% ± 22.0% 70.2% ± 16.5% 1.5 40 20 120
5  37 60.8% ± 13.8% 66.5% ± 21.4% 63.7% ± 15.1% 2 36 12 72
6  67 59.1% ± 18.6% 54.0% ± 25.4% 56.6% ± 19.2% 2 40 0 130
7  38 59.7% ± 13.7% 59.7% ± 22.6% 59.8% ± 15.1% 2 55 0 65
8  44 63.4% ± 21.6% 69.3% ± 23.6% 66.4% ± 20.5% 2 20 0 175
9  64 62.5% ± 17.7% 55.8% ± 25.9% 59.2% ± 18.6% 2 90 0 120
10  10 55.0% ± 23.7% 55.0% ± 19% 55.0% ± 19.4% 2 40 0 160
11  146 66.6% ± 17.4% 71.7% ± 19.4% 69.2% ± 15.3% 2 40 0 160
12  192 62.3% ± 18.2% 61.8% ± 24.1% 62.0% ± 18.3% 2 30 60 110
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Fig. 3. The resulting correspondence analysis biplots (scatter plots) showing depen-
dence between: (A) grades gained in the survey and grades gained in the anatomy
course (P < 0.001) as well as (B) survey grades and current self-grades (P < 0.001).
D — standard deviation.
a Data for the academic year 2016/2017.

.3.4. Participation in cadaver laboratory classes
The results also showed that participation in the cadaver labo-

atory course (as part of the curriculum of the gross anatomy class)
ignificantly increased the mean survey score (total: 66% vs. 49.5%,

 < 0.001; block I: 66.2% vs. 52.9%, P < 0.001; block II: 65.8% vs. 46%,
 < 0.001). However, only a very small fraction of the surveyed par-
icipants did not attend this laboratory component (28 vs. 1158).

ultivariable logistic regression analysis showed that among all
nalyzed factors, participation in cadaver laboratory classes most
trongly affected the ability to recognize anatomical structures
OR = 5.30, 95%CI = 1.20–23.40, P = 0.03).

.3.5. Involvement in student scientific circles/societies
In addition, members belonging to the students’ scientific circle

f anatomy achieved higher mean scores in comparison to other
articipants (P < 0.05); however, this difference was  insignificant

n the graduates group (P > 0.05). A similar trend was  observed for
embers who belonged to surgical scientific circles. Both trends
ere confirmed by the multivariable logistic regression model:
embership in students’ scientific circle of anatomy (OR = 2.18,

5%CI = 1.10–2.20, P = 0.001); membership in surgical students’ sci-
ntific circles (OR = 1.56, 95%CI = 1.11–2.20, P = 0.01).

.3.6. Time elapsed since gross anatomy course
The amount of time that had passed since completion of the

ross anatomy course was negatively correlated with the total
urvey score (r = −0.15, P < 0.001). Multivariable logistic regression
nalysis confirmed this negative trend on the anatomical compe-
ency score (OR = 0.86, 95%CI = 0.81–0.92, P < 0.001).

.3.7. Self-assessment scores and previous anatomy grades
This study showed a correlation between survey score and grade

arned in medical gross anatomy course (P < 0.001) (Table 3) as
ell as a correlation between survey score and each participant’s

elf-assessment score (P < 0.001) (Table 4). The correspondence
nalyses of the above-mentioned relationships (Fig. 3A and B)
howed a meaningful correlation, except in the case of participants
hich reported an excellent (5.0) self-grade. Participants who  rated

heir current anatomical knowledge as excellent tended to overes-

imate their knowledge. Multivariable logistic regression analysis
howed that a good or higher grade earned during the anatomy
ourse was an independent factor that positively affects anatomical
ompetencies (OR = 1.38, 95%CI = 1.18–1.60, P < 0.001).
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Table 3
Association between grades earned in our survey and grades earned in the anatomy course.

Grades earned in our survey Grades earned in the anatomy course

Failure (2.0) Satisfactory (3.0) Good (4.0) Excellent (5.0) Total

Failure (2.0) 66 (6.2%) 75 (7.0%) 63 (5.9%) 15 (1.4%) 219 (20.5%)
Satisfactory (3.0) 129 (12.1%) 218 (20.4%) 151 (14.2%) 44 (4.1%) 542 (50.8%)
Good  (4.0) 40 (3.7%) 64 (6%) 75 (7%) 27 (2.5%) 206 (19.3%)
Excellent (5.0) 15 (%1.4) 27 (2.5%) 28 (2.6%) 30 (2.8%) 100 (9.4%)
Total  250 (23.4%) 384 (36%) 317 (29.7%) 116 (10.9%) 1067a (100%)

a 119 pre-clinical students have not yet completed anatomy course.

Table 4
Association between grades earned in our survey and current self-grades.

Grades earned in our survey Current self-grades

Failure (2.0) Satisfactory (3.0) Good (4.0) Excellent (5.0) Total

Failure (2.0) 73 (6.2%) 134 (11.3%) 34 (2.9%) 6 (0.5%) 247 (20.8%)
Satisfactory (3.0) 159 (13.4%) 358 (30.2%) 82 (6.9%) 8 (0.7%) 607 (51.2%)
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Good  (4.0) 42 (3.5%) 125 (10.5%)
Excellent (5.0) 16 (1.3%) 56 (4.7%)
Total  290 (24.5%) 673 (56.7%)

. Discussion

To date, this is the largest study to use a pin/tag online tool to
ssess the anatomical knowledge of medical students and practi-
ioners at different stages of their career. Our results show that the
verall competency in recognizing anatomical structures is low.
ne advantage of our survey is that it was conducted on a rel-
tively homogeneous group with respect to anatomical training.
ince all our participants were Polish medical students/graduates,
ll had undergone a subject-based gross anatomy course taught
uring their first year of medical school. Furthermore, our survey
ssessed the anatomical proficiency amongst the participants, but
t also studied and compared other factors which could influence
natomical acquisition and retention.

The current study revealed that males have greater success in
ecognizing anatomical structures and achieve better results in
in/tag anatomical examinations than their female counterparts.
lthough there was significantly more female than male partici-
ants in our study, this numerical imbalance is also observed in
he demographic fractioning of polish doctors, thus it should not
ffect the general conclusions of our analyses. Moreover, the dis-
arity between male and female subjects cannot be attributed to
n increased surgical interest seen among males, since this study
howed that interest in surgery did not result in better recognition
f anatomical structures. This intersex difference was  also observed
y Doomernik et al. (2017) who showed that male students scored
lightly higher during anatomical examinations than female stu-
ents. Males also seemed to show less forgetfulness when recalling
natomical structures (Doomernik et al., 2017). This could be due to
nhanced spatial predispositions encountered in men, which affect
he understanding of three-dimensional structures and positions of
bjects (Vorstenbosch et al., 2013).

Among all independent factors studied, our multivariable
egression model showed that participation in cadaver laboratory
lasses had the most significant impact on anatomical structure
dentification. Students, clinicians, and teachers agree that cadav-
ric dissections are the most beneficial way of learning anatomy
Davis et al., 2014; Sheikh et al., 2016). Participation in these
orts of classes offers unique and important three-dimensional
iews of human anatomy (Aziz et al., 2002). This is encourag-

ng news for Polish medical schools which incorporate cadavers
nto their medical anatomy curriculum. Unfortunately, reduced
ontact hours and reduced access to cadaveric-based teaching is

 common worldwide trend (Halliday et al., 2015). Some medi-
51 (4.3%) 6 (0.5%) 224 (18.9%)
23 (1.9%) 13 (1.1%) 108 (9.1%)
190 (16%) 33 (2.8%) 1186 (100%)

cal schools have even stopped using cadavers entirely (McLachlan
et al., 2004). Instead, new, complementary, alternative teaching
methods such as video-demonstrations, virtual 3D visualizations,
or even augmented reality have been incorporated to make-up
for their absence. Unfortunately, none of these tools provide the
same kinesthetic experience (Patel et al., 2015). Excluding cadav-
ers from the standard anatomy curricula may  decrease anatomical
proficiency and can negatively impact routine medical practice.
Moreover, research indicates that students prefer traditional teach-
ing resources (including dissections and prosected specimens) over
computer-assisted anatomical learning resources (Choi-Lundberg
et al., 2016). Previously published data suggested that cadaveric-
based education should be restored in all medical schools to
maintain anatomical competencies (Gürses et al., 2018). Unfortu-
nately, our study has shown that this component is not enough
to ensure satisfactory anatomical knowledge. Most of the partici-
pants in our survey had cadaver-based anatomy training, but their
overall scores were far from impressive. It seems that although
cadaver-based anatomical education improves competency in rec-
ognizing structures, it does not prevent the significant deterioration
of anatomical knowledge over time.

Overall, in this survey, practicing physicians earned fewer
points than undergraduate medical students. Our results were syn-
chronous with other studies, showing that time is one of the most
negative factors affecting anatomical competency (Custers, 2010;
McBride and Drake, 2016). Our results showed that specialists iden-
tified up to 25% less structures than pre-clinical medical students.
Our findings further support recommendations to teach anatomy
throughout the entire medical curriculum and not only during the
first year of the medical education. (Fillmore et al., 2016).

In Poland, anatomy is traditionally taught in the first year of
medical school. Afterwards, students have little to no exposure
to any additional anatomy classes. Our survey showed that this
subject-based approach is insufficient, and retention of anatomi-
cal knowledge is poor, especially amongst medical professionals.
One possible solution to this problem may  be to integrate anatomy
vertically into medical education so that students are exposed
to repeated anatomy concepts all throughout their undergradu-
ate training (Turney, 2007). A second option to help strengthen
anatomical proficiency amongst practicing physicians is to add

refresher courses which would be integrated with all major clinical
programs and made available to all graduates; for added bene-
fit, these refresher courses could use cadavers to help reinforce
previously acquired knowledge. (Fillmore et al., 2016). Even short
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ut intensive anatomical courses could be advantageous, and they
ould contribute to better patient care (Sarkis et al., 2014). Gross

natomy courses embedded with clinical context are considered
seful, interesting, and relevant by their participants (Cabrera et al.,
011). Adding more applicability to the theoretical component
ould also facilitate anatomical retention.

Our results also demonstrated that survey participants who
ttended one-semester anatomy courses had significantly higher
ean scores than those who had a two-semester course. However,

his phenomenon was not confirmed by the multivariable logistic
egression analysis. This unexpected result was  driven by students
rom one medical school (medical school No. 4) who attended a
ne-semester anatomy course. Students from this medical school
lso scored the second highest score in this survey. In 2012, medical
chool No. 4 shortened the anatomy curriculum to one semester
nd has kept it as such for the past 5 years. The new curricu-
um probably stressed the more clinically relevant structures in
natomy and must have omitted certain secondary structures
o make up for the reduced teaching hours. Surprisingly, these
djustments increased students’ memory of anatomical structures.
tudents were most likely less preoccupied by the smaller details
nd could focus on the more essential structures. A more in-depth
nvestigation of their curriculum would be necessary to under-
tand this alternative way of teaching. McBride and Drake (2016)
lso recently concluded that intense anatomy courses with reduced
ours using a nontraditional format and cadaver demonstrations
ould help students build a strong anatomical foundation. In light

f this, it would be worth to consider implementing short anatomy
efresher courses at different stages of undergraduate and graduate
ducation with heavy emphasis on clinically relevant structures.

Lastly, this study also showed that participants who  belonged
o scientific societies (especially members belonging to anatomy
nd/or surgery clubs) tended to score higher on our survey. Involve-
ent in elective anatomy classes/extracurricular activities had the

econd highest impact on heightened scores in our survey. This
omes as no surprise — participation in these clubs promotes con-
tant reinforcement of previously learned material and provides
ore contact time with cadaveric specimens. Anatomy is the foun-

ation of surgery, and a solid knowledge of anatomy is essential
or surgical training and further practice (Tibrewal, 2006). Unfor-
unately, these positive effects tended to decrease as a function
f time. Interestingly, being involved in a surgery club boosted
natomical knowledge, but being interested in surgery or working
n that specialty had no influence on anatomical proficiency. These
esults show that personal preferences for medical specialties have
ittle influence on anatomical proficiency; rigorous training is what
ruly determines one’s proficiency.

This study has several limitations. First, the use of an
nternet-based testing tool may  have provided some bias. Three-
imensional recognition cannot be entirely and adequately
ssessed via an assessment which uses two-dimensional images.
lso, the use of an online survey could have disadvantaged older
articipants that were not so familiar with this testing format.
onetheless, we should not exaggerate this limitation since all par-

icipants were given clear instructions on how to complete the test
rior to the commencement of the survey.

Second, this was a survey-based study that only included vol-
nteers, and this could make it susceptible to bias. Most of the
espondents might have already had an avid interest in anatomy
nd/or surgery, and therefore the scores might have been slightly
nflated. Moreover, although distributing the survey via the Inter-
et helped reach a larger number of respondents, it also made
t impossible to supervise the participants while they were com-
leting the questionnaire. Authors were aware that using an

nternet-based survey to assess anatomical knowledge could create
he temptation to use external resources while answering ques-
tomy 221 (2019) 48–56 55

tions. However, limiting the answer time to 45 s for each question
and preventing participants from completing the survey more than
once from a given hardware (Internet Protocol address verification)
helped prevent students from using additional resources to answer
the questions. Another drawback of our study was that our group
included a relatively small number of medical graduates and even
fewer specialists. This could have been a potential source of bias.
Also, this survey focused only on Polish participants. Due to the
presence of participants from different medical schools and of dif-
ferent ages, a detailed comparison between anatomical curricula in
medical schools in Poland was  not performed; thus, generalization
of the results must be performed cautiously due to the differences
in medical school curricula.

A further limitation of the study lies in the uneven represen-
tation of the different organ systems. The choice of anatomical
structures used for our survey was  solely based on the difficulty
criterion, which was chosen from 100 major anatomical structures.
A similar study testing clinically relevant structures could prove
extremely useful, although some sort of inquiry would have to be
made to identify the latter. Finally, it is important to acknowledge
that experienced clinicians may  use anatomical knowledge in a
different way  from students (applying anatomical knowledge in a
clinical context vs. pure factual knowledge). The type of questions
that were used in our study (pure factual) did not account for this
reality and may  have contributed to the score differences amongst
undergraduate and graduate participants. If some clinical context
had been given, specialists would have probably obtained higher
marks.

5. Conclusions

Knowledge of anatomical structures gained during a subject-
based anatomical curriculum is moderate, and it decreases
significantly with time. Proficiency in anatomical structure identifi-
cation is associated with participation in cadaver laboratory classes,
a high grade in the gross anatomy course, as well as involvement
in student scientific interest groups in anatomy and surgery; how-
ever, this last positive effect is suppressed as a function of time.
Students with clinical interests in surgery as well as surgical resi-
dents/specialists do not possess higher anatomical proficiency than
non-surgical enthusiasts.

Our study also showed that medical undergraduates scored
better in our pin/tag test than practicing physicians. To avoid fur-
ther deterioration of anatomical knowledge amongst clinicians,
subject-based anatomy courses should be replaced with system-
based (integrated) anatomical curricula at the undergraduate level.
Furthermore, short refresher anatomy courses should be offered
during different stages of postgraduate training.
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