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Objective: The aim of the study was to assess and compare the knowledge of fourth-year medicine, physiotherapy
(PT), nursing, and podiatry students in carpal and tarsal bone anatomy.
Methods: A cross-sectional study was carried out. Based on a nonprobability convenience sampling, 177 fourth-year
students (117women and 60men, mean age of 23.16 ± 3.82 years) from the podiatry (n = 39), nursing (n = 26), PT (n = 73),
andmedicine (n = 39) schools at a large Spanish university were included.Measurements were taken of their gross anatomy
knowledge bymeans of the carpal and the tarsal bone tests. Students were asked to identify all carpal and tarsal bones in an
illustration of the bony skeleton of both regions and were given a maximum of 5 minutes per test.
Results: Of a total of 15 bones to be labeled, the PT (11.07 ± 3.30) and podiatry (9.36 ± 2.93) students had the highest
rate of correct answers compared with the medicine (6.13 ± 3.27) and nursing (4.04 ± 3.72) undergraduates. When
assessing academic degrees and test scores, significant differences were observed between PT and podiatry
participants vs those from the medicine and nursing schools (P b .001).
Conclusion: Fourth-year students from the PT and podiatry programs correctly identified a higher number of carpal
and tarsal bones than students from the nursing and medicine schools. (J Manipulative Physiol Ther 2016;xx:1-8)

Key Indexing Terms: Anatomy; Knowledge; Medical Students; Nursing Students; Physical Therapy; Podiatry
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INTRODUCTION

Gross anatomy is one of the most relevant basic
disciplines of daily clinical activity in health sciences
professions.1,2 A profound knowledge of human anatomy
is expected to be a core component of the academic
curricula within medical education programs.3,4 However,
in recent years, the total number of teaching hours of gross
anatomy has experienced a progressive decrease within the
medicine syllabus.5 For this reason, more gross anatomy
courses are becoming part of an integrated curriculum in
some medical schools.6

Teaching and learning in anatomy have been the focus of
study in medical education.7 However, the knowledge of
gross anatomy is equally important in the curricula of other
health care disciplines.8,9 Following the Bologna declara-
tion, profound changes took place in European higher
education with a focus on student-centered learning and
curricular harmonization to improve student mobility
among universities.10,11

mailto:amheredia@us.es
http://dx.doi.org/10.1016/j.jmpt.2016.05.007
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Table 1t1:1 . Gross Anatomy Curricula of the Study Samplet1:2

t1:3 Degree Program
No. of Students
(% of the Total)

ECTS Credits
in Anatomy

Amount of Theory
Lessons (h)

Amount of Practical
Lessons (h)

Total Amount
of Hours

t1:4 PT 73 (41.24) 12 95 25 120
t1:5 Medicine 39 (22.03) 23 182 48 230
t1:6 Podiatry 39 (22.03) 12 95 25 120
t1:7 Nursing 26 (14.68) 6 50 10 60

ECTS,Q3 European Credit Transfer System; PT, physical therapy.
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Traditional teaching techniques (student-performed
dissection, theoretical lectures, living and surface anatomy,
and use of models) are giving way to new, more up-to-date
ways of learning, such as virtual anatomy and dissection, or
computer-assisted learning in the so-called learning by doing.12

Understanding of anatomy needs a combination of memori-
zation and visualization.13 Therefore, teaching anatomy in a
clinical context and providing frequent anatomy topics are
essential,14 although methods of instruction such as dissection
should be “a rite of passage,” at least for medical students.15

Strategies to encourage knowledge transmission are as
important as educational knowledge testing to ensure the
quality standards of the teaching-learning process.16,17

Gross anatomy knowledge can be assessed by written,
practical, or oral tests.18 There has been a shift in emphasis
from practical and oral evaluation toward written methods,
even though it has been advised to preserve the practical test
as a key element in the evaluation.17 Written means of
assessment are able to highlight important areas of the
curriculum, although they may lack face validity.17

To such end, several tools have been designed
(ie, anatomy spot tests) like the carpal bone test19 and the
tarsal bone test.20 These tests may help to provide a
preliminary assessment of bone anatomy knowledge among
health care professionals providing care for upper and lower
extremity musculoskeletal conditions.20 Previous research
shows that medical students report a below-average level of
confidence in the region-specific clinical examination of the
musculoskeletal system21 and that they exhibit worse retention
of carpal bones anatomy than physical therapy students.22

The aim of the study was to assess and compare the
knowledge of fourth-year medicine, physiotherapy (PT),
nursing, and podiatry students in carpal and tarsal bone
anatomy using the carpal and the tarsal bone tests.
U 136

137

138

139
METHODS

Design
An observational and cross-sectional study was carried out.
140

141

142

143
Participants
Based on a nonprobability convenience sampling, 221

fourth-year students from the nursing, podiatry, PT, and
T
E
D
 P

R
O

O
Fmedical schools at a large Spanish University were asked to

participate as volunteers. Of the total number of eligible
participants, 44 of them declined to take part. The study was
conducted at the end of May 2014, during the 2013-2014
academic year. The whole sample included 177 students from
the podiatry (n=39), nursing (n=26), PT (n=73), andmedicine
(n = 39) programs. Data collection took place during standard
class time, and participants were advised that results from the
study were not part of their university assessment.

In Spain, PT, nursing, and podiatry are 4-year degree
programs, whereas medical school is a 6-year degree.
Therefore, at the time of data collection, PT, nursing, and
podiatry participants were about to finish the fourth and last
term of their degree and very close to gain licensure, in
contrast with students from the medical school. After the
6-year degree program, medical students have to receive
residency training for 3 or 4 years before licensure.

All students had passed the gross anatomy examinations
in their own degree program. The University of Seville
curriculum model, for all assessed disciplines in this study,
follows a traditional approach wherein basic science
instruction precedes clinical science instruction. The gross
anatomy course is taught in the first year of the curriculum
for nursing, PT, and podiatry studies, whereas in the
medical school anatomy, it is included in the first 2 years. In
either case, gross anatomy subject is, therefore, prior to the
study of diagnosis, pathology, and treatment methods. The
same Anatomy department teaches in these 4 disciplines
with similar standards and usually with the same professors.
However, the total amount of anatomy teaching hours does
differ between disciplines (Table 1). Gross anatomy is
divided into theoretical and practical lectures. Anatomy
practical lessons take place in dissection rooms. After a
brief theoretical introduction, students proceed to the
recognition of a number of anatomic samples (ie, sheets,
models, previously prepared anatomic material, and corpses).
In addition, themedical degree includes a significant amount of
further training on anatomic and sectional radiology.
Ethical Approval
The study protocol fully complied with the ethical

guidelines established by the institutional review board
of the University of Seville, Spain. It was designed and
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Fig 1. The carpal bone test. Reprinted with permission from
Valenza et al.22
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Fig 2. The tarsal bone test. Reprinted with permission from
Castillo-López et al.20
Cconducted according to the Helsinki Declaration. All

subjects signed and submitted an informed consent form
prior to their inclusion in the study.
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ROutcome Measures

Carpal and Tarsal Bone Tests. In the carpal bone test (Fig 1),22

participants are asked to label hand and wrist bones. The bones
of the carpal region can be easily and objectively examined
and have clinical relevance in a number of disciplines. This
test has been previously used to assess the level of retention of
gross anatomy knowledge among students of different health
science disciplines.9,22,23

The tarsal bone test has been developed and tested on
first- and fourth-year podiatric students to establish a goal
standard.20 Similarly to the carpal bone test, this tool
requests the student to label each tarsal bone in a drawing of
the bones of the foot (Fig 2).20 Both tests appear to be valid
instruments to provide an insight into the level of knowledge
of bone anatomy among health care students in different
stages of training.19,20
230

231

232

233
Data Collection
The evaluation tools were administered during regular

lesson time and without any prior notice to the participants.
The researcher briefly explained that each test was to be
completed in 5 minutes and that the students were not
allowed to speak to each other. The carpal bone test was
handed in first, and then the students received the tarsal
bone test. Participants were also asked to hand in the test as
they finished and to remain in silence.
Data Analysis
The data were analyzed with the SPSS statistical software

package for Windows (SPSS Science, Chicago, IL). The results
are presented using descriptive statistics. Between-group
differences in the distribution of the responses were analyzed
with the χ2 test. Standardized residuals larger than 2 (absolute
value) were seen as a significant outcome difference. The
analysis of variance single-factor variation model was used to
identify the group of students with the highest number of right
answers, and the Bonferroni correction was used for multiple
cross-comparisons. The statistical analysis was conducted at a
P value b .05 and a 95% confidence level.
RESULTS

The gross anatomy curricula of the study sample are
listed in Table 1, whereas baseline data of the participants
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Table 2t2:1 . Baseline Characteristics of the Study Samplet2:2

t2:3 Total Sample (N = 177) PT (n = 73) Podiatry (n = 39) Nursing (n = 26) Medicine (n = 39) P Value

t2:4 Mean age (y) 23.16 ± 3.82 23.28 ± 4.14 23.64 ± 3.30 24.12 ± 5.62 21.85 ± 0.93 .073
t2:5 Sex .003
t2:6 Male (%) 60 (33.89) 21 (28.76) 15 (38.46) 3 (11.53%) 21 (53.84)
t2:7 Female (%) 117 (66.10) 52 (71.23) 24 (61.53) 23 (88.46) 18 (46.15)

Data are reported as mean ± standard deviation or in frequencies (%).t2:8

Table 3t3:1 . Frequency of Wrongly Labeled Bones or Blank Responses, Classified by Academic Degreet3:2

t3:3 No.
of Errors

No. of
Students (% of the Total)

Academic Degree (% of the Number of Errors)

t3:4 PT Podiatry Nursing Medicine

t3:5 0 24 (13.6) 18 (75) 5 (20.83) 0 (0) 1 (4.16 )
t3:6 1 7 (4.0) 7 (100) 0 (0) 0 (0) 0 (0)
t3:7 2 7 (4.0) 4 (57.14) 3 (42.86) 0 (0) 0 (0)
t3:8 3 7 (4.0) 4 (57.14) 2 (28.57) 1 (14.28) 0 (0)
t3:9 4 13 (7.3) 8 (61.54) 2 (15.38) 2 (15.38) 1 (7.69)
t3:10 5 14 (7.9) 6 (42.85) 2 (14.28) 2 (14.28) 4 (28.57)
t3:11 6 16 (9.0) 9 (56.25) 2 (12.5) 0 (0) 5 (31.25)
t3:12 7 17 (9.6) 5 (29.41) 7 (41.18) 0 (0) 5 (29.41)
t3:13 8 22 (12.4) 5 (22.73) 15 (68.18) 1 (4.54) 1 (4.54)
t3:14 9 7 (4.0) 4 (57.14) 1 (14.29) 0 (0) 2 (28.57)
t3:15 10 7 (4.0) 0 (0) 0 (0) 1 (14.28) 6 (85.71)
t3:16 11 10 (5.6) 3 (30) 0 (0) 2 (20) 5 (50)
t3:17 12 11 (6.2) 0 (0) 0 (0) 7 (63.64) 4 (36.36)
t3:18 13 6 (3.4) 0 (0) 0 (0) 3 (50) 3 (50)
t3:19 14 5 (2.8) 0 (0) 0 (0) 4 (80) 1 (20)
t3:20 15 4 (2.3) 0 (0) 0 (0) 3 (75) 1 (25)
t3:21 Total 177 (100) 73 (41.24) 39 (22.03) 26 (14.69) 39 (22.03)

Data are reported in absolute values and frequencies (%).t3:22
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Of the total male participants, only 5% of them (3/60) were
from the nursing school, whereas 15.38% of the female
subjects (18/117) were studying medicine.

Table 3 shows the frequency of carpal and tarsal bones
that were mislabeled or left blank. Only 13.56% of subjects
(24/177) correctly identified all bones in the carpal and
tarsal tests (18 of them from PT, 5 from podiatry, and 1
from medicine) (Table 3). An additional 7 PT students
(3.95% from the total) only got 1 single missed or blank
answer. The remaining 146 participants (82.48%) were
unable to identify 2 or more bones. The percentage of error
was especially high among the nursing and medical
undergraduates. Over half of them could not label correctly
more than half of the bones (eight or more), which means a
total of 80.76% for nursing participants (21/26) and 58.97%
(23/39) for medical students.

A between-groups comparison observed that students
from the PT degree were able to mark the highest number of
bones (11.07 ± 3.30), with statistically significant differ-
ences (P b .001) with nursing (4.04 ± 3.72) and medical
undergraduates (6.13 ± 3.27). No statistical significance
(P = .057) was found between PT and podiatry (mean score
of 9.36 ± 2.93). There were also significant differences
between podiatry undergraduates and nursing and medical
participants (P b .001 in both cases). Finally, no significant
differences were found between medical and nursing
groups (P = .077).

Tables 4 and 5 list the data resulting from labeling each
tarsal and carpal bone, classified by academic degree. The
tables also include the number and percentage of right,
wrong, or blank answers and the residual data derived from the
contingency table and the χ2 test. The above parameters
showed that PT students observed the highest rate of right
answers for the carpal bone test (Table 5) (absolute value of
corrected residual being larger than 2), whereas Table 4 shows
the same findings for podiatry students in the tarsal bone test.

The bone that received the highest number of right
answers was the calcaneus bone (170) followed by the
astragalus (162). On the contrary, the trapezoid (127
misses) and lunate (118 misses) bones were the most
frequently mislabeled.
DISCUSSION

Anatomy embodies a key role for its influence in daily
clinical practice in health sciences disciplines.2 Even though
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Table 4t4:1 . Scores in the Tarsal Bone Test by Student Groupt4:2

t4:3 Assessed Bone

Academic Degree

χ2 (P)t4:4 PT Podiatry Nursing Medicine

t4:5 Calcaneus
t4:6 Yes [% int (correct r.)] 73 [100 (2.3)] 39 [100 (1.4)] 22 [84.6 (−3.2)] 36 [92.3 (−1.4)] 14.98
t4:7 No [% int (correct r.)] 0 [0 (−2.3)] 0 [0 (−1.4)] 4 [15.4 (3.2)] 3 [7.7 (1.4)] (.002)
t4:8 Astragalus
t4:9 Yes [% int (correct r.)] 72 [98.6 (2.8)] 39 [100 (2.2)] 17 [65.4 (−5.2)] 34 [87.2 (−1.1)] 32.22
t4:10 No [% int (correct r.)] 1 [1.4 (−2.8)] 0 [0 (−2.2)] 9 [34.6 (5.2)] 5 [12.8 (1.1)] (b .001)
t4:11 Navicular
t4:12 Yes [% int (correct r.)] 59 [80.8 (2.9)] 39 [100 (4.7)] 7 [26.9 (−5.0)] 17 [43.6 (−3.9)] 55.51
t4:13 No [% int (correct r.)] 14 [19.2 (−2.9)] 0 [0 (−4.7)] 19 [73.1 (5.0)] 22 [56.4 (3.9)] (b .001)
t4:14 Medial cuineiform
t4:15 Yes [% int (correct r.)] 61 [83.6 (3.9)] 39 [100 (4.9)] 6 [23.1 (−5.2)] 13 [33.3 (−5.1)] 71.19
t4:16 No [% int (correct r.)] 12 [16.4 (−3.9)] 0 [0 (−4.9)] 20 [76.9 (5.2)] 26 [66.7 (5.1)] (b .001)
t4:17 Intermed cuneiform
t4:18 Yes [% int (correct r.)] 63 [86.3 (4.4)] 39 [100 (4.9)] 6 [23.1 (−5.3)] 12 [30.8 (−5.6)] 78.28
t4:19 No [% int (correct r.)] 10 [13.7 (−4.4)] 0 [0 (−4.9)] 20 [76.9 (5.3)] 27 [69.2 (5.6)] (b .001)
t4:20 Lateral cuneiform
t4:21 Yes [% int (correct r.)] 61 [83.6 (4.0)] 39 [100% (5.0)] 5 [19.2 (−5.6)] 13 [33.3 (−5.0)] 74.70
t4:22 No [% int (correct r.)] 12 [16.4 (−4.0)] 0 [0% (−5.0)] 21 [80.8 (5.6)] 26 [66.7 (5.0)] (b .001)
t4:23 Cuboid
t4:24 Yes [% int (correct r.)] 54 [74.0 (2.2)] 39 [100 (5.3)] 1 [3.8 (−7.0)] 20 [51.3 (−1.9)] 68.99
t4:25 No [% int (correct r.)] 19 [26.0 (−2.2)] 0 [0 (−5.3)] 25 [96.2 (7.0)] 19 [48.7 (1.9)] (b .001)

Percentages are added between brackets in each cell.t4:26

Yes = right answer (absolute values); no = wrong answer (absolute values); [% int (correct r.)] = internal percentage (corrected residual).t4:27
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the specific training in gross anatomy subject takes place over
the first years of the curricula, this knowledge should be
reinforced over the following curricular stages.20 All
participants were fourth-year students; thus, they were
expected to have a fairly consolidated knowledge of gross
anatomy.19 The clinical context has been purported to be
useful to learn anatomy and to strengthen previous
knowledge.14 Medical students were the only group who
has not been to any clinical placements yet,whichmay help to
explain some of the current findings.

The carpal and the tarsal bone tests represent
easy-to-use, objective evaluation tools to determine the
extent to which participants are able to retain and identify
carpal and tarsal bones.23 However, both instruments can
be considered as well as a simplistic way to measure
anatomic knowledge.19,20 Carpal and tarsal bones are
important areas in region-specific musculoskeletal medi-
cine. Foot and ankle musculoskeletal problems have been
purported to affect around 20% of middle-aged to older
people,24 and it is also estimated that 70% of adults in
Western countries experience dysfunction in the upper limb
at some point during their life.25 This issue is a challenge
for public health services because of its impact on subjects’
quality of life.26 However, even though health sciences
students should be well trained in region-specific muscu-
loskeletal medicine, they have shown low confidence in
anatomic physical examination of upper and lower
extremities.21

This is the first study that assesses and compares the
degree of retention of bone anatomy knowledge in
undergraduates from 4 different health care disciplines.
T
E
D

The present findings observed that participants from PT and
podiatry programs scored higher in labeling carpal and
tarsal bones than nursing and medical students at the
University of Seville. These between-group differences
were statistically significant (P b .001). Likewise, for all
disciplines, the percentage of right answers was higher in
the tarsal bone test than in the carpal bone test.

Nursing participants represented the group who identi-
fied correctly fewer bones. Nursing was also the discipline
with less number of practical tuition hours in gross anatomy
(Table 1). However, the optimum quantity of anatomy
education remains controversial, and that does not seem to be
the only factor involved in students’ knowledge.14 In fact,
medical students had received almost 50 hours of practical
lessons, and no positive between-group differences were
found for them.Nursing students have been purported to have
difficulties in using anatomic information into the clinical
context27,28 and seem to be rather apprehensive about
attending anatomy sessions in the dissection room.29

The format of gross anatomy courses contained in nursing
programs has been previously questioned.30 Interprofession-
al learning in anatomy between medical and nursing students
has been proposed in an early phase of training to promote a
learning-together scenario.31 Nursing undergraduates need
knowledge of surface anatomy,32 but the use of human
cadaveric material is also crucial,33 as it was the case in the
present study. Laboratory sessions and hands-on experience
have been described for nursing undergraduates to enable
them to get and retain knowledge.34 The present assessment
tools cannot explain or compare the general competencies,
curricula structure, and/or the clinical knowledge of gross
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Table 5t5:1 . Scores in the Carpal Bone Test by Student Groupt5:2

t5:3 Assessed Bone

Academic Degree

χ2 (P)t5:4 PT Podiatry Nursing Medicine

t5:5 Trapezium
t5:6 Yes [% int (correct r.)] 35 [47.9 (2.9)] 10 [25.6 (−1.5)] 6 [23.1 (−1.4)] 12 [30.8 (−0.7)] 8.72
t5:7 No [% int (correct r.)] 38 [52.1 (−2.9)] 29 [74.4 (1.5)] 20 [76.9 (1.4)] 27 [69.2 (0.7)] (.033)
t5:8 Trapezoid
t5:9 Yes [% int (correct r.)] 32 [43.8 (3.9)] 9 [23.1 (−0.8)] 0 [0 (−3.5)] 9 [23.1 (−0.8)] 20.02
t5:10 No [% int (correct r.)] 41 [56.2 (−3.9)] 30 [76.9 (0.8)] 26 [100% (3.5)] 30 [76.9 (0.8)] (b .001)
t5:11 Capitate
t5:12 Yes [% int (correct r.)] 63 [86.3 (6.8)] 19 [48.7 (−1.0)] 4 [15.4 (−4.5)] 13 [33.3 (−3.2)] 53.56
t5:13 No [% int (correct r.)] 10 [13.7 (−6.8)] 20 [51.3 (1.0)] 22 [84.6 (4.5)] 26 [66.7 (3.2)] (b .001)
t5:14 Hamate
t5:15 Yes [% int (correct r.)] 61 [83.6 (5.3)] 16 [41.0 (−2.8)] 7 [26.9 (−3.8)] 23 [59.0 (−0.2)] 34.72
t5:16 No [% int (correct r.)] 12 [16.4 (−5.3)] 23 [59.0 (2.8)] 19 [73.1 (3.8)] 16 [41.0 (0.2)] (b .001)
t5:17 Pisiform
t5:18 Yes [% int (correct r.)] 58 [79.5 (6.4)] 11 [28.2 (−3.2)] 6 [23.1 (−3.1)] 15 [38.5 (−1.8)] 42.32
t5:19 No [% int (correct r.)] 15 [20.5 (−6.4)] 28 [71.8 (3.2)] 20 [76.9 (3.1)] 24 [61.5 (1.8)] (b .001)
t5:20 Triquetum
t5:21 Yes [% int (correct r.)] 42 [57.5 (5.1)] 14 [35.9 (0.0)] 0 [0 (−4.1)] 7 [17.9 (−2.6)] 34.99
t5:22 No [% int (correct r.)] 31 [42.5 (−5.1)] 25 [64.1 (0.0)] 26 [100 (4.1)] 32 [82.1 (2.6)] (b .001)
t5:23 Lunate
t5:24 Yes [% int (correct r.)] 35 [47.9 (3.5)] 13 [33.3 (0.0)] 6 [23.1 (−1.2)] 5 [12.8 (−3.1)] 15.63
t5:25 No [% int (correct r.)] 38 [52.1 (−3.5)] 26 [66.7 (0.0)] 20 [76.9 (1.2)] 34 [87.2 (3.1)] (.001)
t5:26 Scaphoid
t5:27 Yes [% int (correct r.)] 39 [53.4 (2.2)] 18 [46.2 (0.4)] 10 [38.5 (−0.6)] 10 [25.6 (−2.5)] 8.38
t5:28 No [% int (correct r.)] 34 [46.6 (−2.2)] 21 [53.8 (−0.4)] 16 [61.5 (0.6)] 29 [74.4 (2.5)] (0.039)

Percentages are added between brackets in each cell.t5:29
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anatomy among the study subjects, as they only evaluate the
students’ retention capacity of tarsal and carpal bones. However,
this study raises some questions that need to be answered.

In line with former research,22 the present results found that
medical students were unable to identify the same number of
carpal bones as other health care students, with the differences
being statistically significant with PT and podiatry groups.
Only 4 bones (hamate, calcaneus, astragalus, and cuboid) were
correctlymarked by at least half of the 39medical students. For
the carpal bone test, the present scores seem to be similar to
those described previously.19,22 In Spielman and Oliver’s
study,19 16% (4/24) of fourth- and fifth-year medical students
identified all carpal bones with no mistakes vs only 1 of 39
subjects (2.56%) in our research. Valenza et al22 recruited 80
medical students, and only 1 of them (1.25%) labeled properly
all the carpal bones. The rate of right answers in this former
study was between 36.2% and 46.3% for medical students.22

Those observations are similar to our findings, where the
highest percentages of right answers in the carpal bone test
were found for the hamate (59%), pisiform (38.5%), and
capitate (33.3%) bones. This is the first study undertaken by
medical undergraduates including the tarsal bone test; thus, it is
not possible to compare with previous research. It is worth
mentioning that a single medical student (2.56%) identified
correctly all bones in the tarsal test.

Despite the relevance of anatomy in the medical
curriculum,2 medical students' feedback suggests that
they lack confidence about their musculoskeletal training
and knowledge, which they believe should be better integrated
T
E

into the clinical setting.35 Clinical rotations and internships
help to reinforce basic knowledge, but medical students from
this study had not been to any clinical placements yet. It has
been concluded that medical students seem to have a deficient
education in the musculoskeletal field35,36 and that a curricular
reform in musculoskeletal medicine may be needed.37

However, the present findings cannot explain or discuss any
of these issues, and future research is needed for this purpose.

The best scores were observed for the PT and podiatry
groups. PT is a discipline with a high specificity of
musculoskeletal anatomy contents in the curricula.22 The
combination of images and palpation has become a suitable
way to teach anatomy to PT undergraduates, and it helps to
consolidate the knowledge in later stages of the curricula.38 This
issue could also be a plausible explanation for the good results of
podiatry students. Throughout the whole podiatry degree,
training focused on image-based diagnosis, physical examina-
tion, and clinical practice in foot disorders is at the core of the
students’ daily routine. Therefore, during their last year, the
identification of tarsal bonesmay not be difficult. Podiatry students
of the present studymade nomistakes in labeling tarsal bones. This
finding is similar to the results of Castillo-López et al20 who used
the tarsal bone test in 254 first- and fourth-year podiatry
undergraduates from different Spanish universities. More than
97% of them (247/254) made no mistakes, and only 1 fourth-year
student identified incorrectly 1 tarsal bone. On the contrary, the
number of mislabeled bones among this group for the carpal bone
test was remarkably higher and ranged between 51.3% for the
capitate bone and 76.9% for the trapezoid bone (Table 5).
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The sensation of palpation in the dissection room in the
early stages of training is essential for establishing the grounds
for the future health professional.39 A continuous reinforce-
ment of anatomy knowledge in daily clinical training is also
crucial in strengthening the skills to palpate and identify
structures.40 In the PT program, different manual therapy
techniques that are taught over the last 2 years of the degree
require precise location and mobilization of specific bones,
which lead to a constant feedback about gross anatomy.
Practical sessions are also a core element of the training in the
last years of PT and podiatry programs, and they usually take
place in small groups; thus, the teacher-student interaction is
permanent. For the PT group, the capitate and hamate bones
were the most accurately labeled, which can be due to their
singular anatomic size andmorphology. The same results were
reported byValenza et al.22 On the contrary, the trapezium and
trapezoid were the most frequently mislabeled bones, in
concordance with Valenza et al22 and Strkalj et al.9
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Practical Applications
• The current study showed that PT and
podiatry students were able to correctly
label a higher number of carpal and tarsal
bones when compared with nursing and
medical undergraduates.

• General competencies and knowledge about
gross anatomy are not comparable between
health professions (nursing, podiatry, medi-
cine, and PT) using 2 simplistic tests like the
tarsal and carpal bone tests.

• Future longitudinal studies among health care
students to assess the adequacy of
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Limitations
Only 2 anatomic regionswere assessed by the tarsal and carpal

bone tests. Although the validity and reliability of these tools have
not been established yet, both of them have been previously used
in several studies.19,20,22,23 Because of the lack of validation of the
assessment tools and the studymethodology, the present findings
cannot be generalized. The present project was performed at a
single Spanish university. Therefore, it is difficult to know if the
results would differ with a larger sample, with other anatomic
regions being tested, andwith several universities being included.
Undergraduates from the podiatry, nursing, and PT schools were
all at the end of their academic degree and close to gaining
licensure. This was not the case for medical students. Medical
studies are a 6-year program, but after that, students receive
residency training for 3 or 4 years before licensure. Therefore, this
group of participants was at the middle of their academic career.
Clinical rotations and internships expose students to review basic
sciences principles, and the structure of medical school curricula
may, in fact, count on this redundancy. Hence, the possible
influence of reinforcing anatomy knowledge into the clinical
context was not similar in the study groups. A longitudinal study
could help to answer this question. Finally, the use of a purposive
sampling instead of a random selection represents a threat to the
generalization of the findings. The evaluation tests do not allow
any conclusions about overall knowledge of anatomy, clinical
skills, and/or competencies between the student groups. Future
studies assessing region-specific musculoskeletal knowledge and
the level of undergraduates’ and graduates’ competency and
confidence in gross anatomy are needed.
region-specific musculoskeletal knowledge
and the level of competency and confidence
in gross anatomy knowledge are needed.
CONCLUSIONS

A group of fourth-year PT and podiatry undergraduates
was able to correctly identify a higher number of tarsal and
carpal bones in gross anatomy tests in comparison with
students from the nursing and medicine programs.
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