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Abstract

Purpose The physicians say that the least anatomy is required for clinical practice. But the disease causes anatomical distor-
tions or variations in structures impairing functions of organs and systems. So, the diagnosis and analysis of treatment of
disease depend on interwoven inter-relationship among Anatomy, Physiology, Pathology, Radiology and clinical sciences.
Consequently, the upcoming doctors are to be cultivated sufficient anatomy. Therefore, the objective of this study is to ana-
lyze viewpoints of medical students, faculties and practitioners regarding degree of need of Anatomy in clinical practice.
Methods A feedback survey has been carried out among students and faculties to seek their views on the need of Anatomy in
clinical practice using two hypotheses. Hypothesis 1 defines the degree of need of Anatomy (‘most essential’, ‘essential’ and
‘least essential’) in clinical practice based on answers of questionnaire by medical students and faculties, whereas hypothesis
2 assigns weights depending on knowledge and experience of the feedback providers. The means/weighted means of views
have been statistically analyzed. Additionally, the literature survey was carried out on the demand, necessity, importance,
usefulness and applicability of Anatomy in clinical practice.

Results Our statistical analysis revealed that Anatomy is ‘most essential’ for clinical practice. In literature survey too, the
inadequate knowledge of anatomy among medical students leads to poor comprehension of clinical practice. So, anatomy
is most essential for clinical practice.

Conclusion Sound knowledge of Human Anatomy is most essential during medical practice for Physicians.

Keywords Anatomy - Radiology - Medical practice - Physician

Introduction developmental processes and genetic anomalies; cytology

and histology deals with study of microanatomy; physiol-

Human Anatomy teaching/learning cultivates the language
of medicine as many of the terms, used in medicine, originate
from anatomic parts and their functions/orientations, such
as anterior—posterior, palmar—plantar, proximal-distal,
external—internal, abduction—adduction, elevation—depres-
sion, and protraction—retraction. Beahrs [3] has commented
“How then can a student of medicine not know Anatomy and
claim to understand the language of medicine?” Medical
education/science has evolved from Anatomy, for instance,
pathology is morbid Anatomy; embryology is science of
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ogy describes functions of structures, organs and systems
[3]. In the clinical domain, Radiology is the analysis of
images of anatomical structures; Microbiology is anatomy
of micro-organisms causing diseases while surgery is the
science and art of manipulation, removal and replacement of
morbid structures (Fig. 1) and medicine in turn encompasses
manipulation, restoration, activation, or dissolution of extra
growth in bones, hard masses, stones, injury, extra-develop-
ment of bodies and variant attachment of tendon/ligaments/
fibers pertaining to musculoskeletal anatomy [22] in organs/
systems and degeneration of macro/microstructures due to
interaction of two structures and suppression of uncomfort-
able exigent signs and symptoms (Fig. 1). Thus, none of
these subjects can be comprehended fully well, if the learn-
ers ignore elements of gross and microanatomy. In addition
to this, the knowledge of Anatomy is directly needed in the
diagnosis and treatment of disease through clinical practice.
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Fig.1 Shows how various subjects of Medical Education evolved
from Anatomy

In daily medical practice, “anatomy is important for physi-
cal examination, symptom interpretation and interpretation
of radiological images. Knowledge of anatomy is essential
for understanding neurological or musculoskeletal disorders
[23].”

Even the students realized the relevance of Anatomy in
clinical practice as they emphasized in a feedback study of
Bergman et al. [4], “You need it for diagnosis; you need it
for physical examination, for hand-over to colleagues, for
record keeping, for writing letters, in fact for understanding
how certain processes work, why patients are ill and what
should be done about it.”

However, full realization of the relevance of Anatomy
and its intrinsic value in medicine comes only after exten-
sive clinical experience. Senior students commented: “in
the clerkships, I suddenly, they thought, hey! At this point
it would have been really useful if I had studied a bit more
Anatomy.” Moreover, the students during their neurology
clerkship mentioned: “I am doing neurology now and there
you discover that every diagnosis, everything comes down
to Anatomy in the end and how things run and work, that is
really awfully important” [4].

In the study of Priyadharshini et al. [26], “the 4th semes-
ter students, interns, and clinicians perceived Anatomy to
be highly relevant to their day-to-day practice. Clinicians
in our survey perceived the role of anatomy in the clinic
as important, particularly during the physical examination,
interpreting radiological images, and communication with
colleagues. Physicians become less aware of the founda-
tional knowledge required for their clinical reasoning skills
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[26].” In addition to this, the relevance of Anatomy in clini-
cal practice has been highlighted in detail in a very good
editorial, recently, by Duparc et al. [12]

Apart from this, there are many grey areas in Anatomy
which are directly related to clinical practice together with
the clinical grey areas completely dependent on Anatomy
are to be discovered by standalone and/or collaborative
research to strengthen the medicinal practice. The ever-
expanding array of newer diagnostic methodologies, includ-
ing the innovations in the way the body can be visualized
(e.g., computed tomography, magnetic resonance imaging
scans), require a specific level of anatomical knowledge [26].
In an earlier study, Barlow [2] commented that endoscopic
and laparoscopic procedures demand a clinically oriented
Anatomy.

Many authors have drawn attention to the way in which
anatomy has been ignored or at the least neglected by medi-
cal school owners and officials, but also by clinicians and
students [3, 5, 9, 13, 15, 16, 19, 24, 27, 28, 31, 32, 34, 36]
leading to acquisition/delivery of inadequate Anatomy to
pursue successful clinical practice. The result has been a fall
in the standard of medical education, with in some cases, an
increase in litigations [13] due to anatomical ignorance in
diagnosis and treatment by physicians and surgeons [4, 6,
14, 17, 20, 34].

Authors have repeatedly put this down to the drastic
reductions in anatomical teaching schedules [11, 21, 30],
pruning of anatomical curricula [11, 29], closure Anatomy
departments [6, 10, 29] including dissection halls and non-
recruitment of medically qualified faculties [7, 11, 18, 25,
29, 35]. The context, within which these developments have
taken place, has been that only limited amounts of Anatomy
are adequate for clinical practice. This concept has to be
reviewed. Inevitably, these expectations have influenced
medical students who have been brought up to be content
with what we would regard as an inadequate core content
of Anatomy. In our estimation this is a pseudo-concept, in
which small non-cohesive segments of Anatomy have been
regarded as an acceptable fundamental base for the many
diverse areas of clinical practice.

All this put together loudly speak that though it is most
important constituent of clinical practice yet there is silent
murmur among physicians practicing medicinal treatment
that least anatomy is required in their practice. Therefore,
this study has been designed to evaluate the intimate inter-
woven inter-relationship between Anatomy, a range of dis-
eases, functions and activities of organs and systems of
human body and the diagnosis and analysis of available
medicinal treatments for safe clinical practice. Conse-
quently, the evaluation of these parameters on the basis of
feedback sought from students, faculties/medical practition-
ers through a questionnaire based on the demand, necessity,
importance, usefulness and applicability of human Anatomy
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in clinical practice and review of literature including our
own analysis. Thus, the objective of study is to explore the
validity of concept, ‘Is inadequate anatomical knowledge
on the part of physicians hazardous for successful clinical
practice?’ in clinical practice evaluating feedback data from
students and faculty.

Materials and methods

To meet the objective of study, an experiment has been
planned fo seek opinion of 386 undergraduate students
(UGs) and 6 interns, 105 postgraduate medical students
(PGs), 10 Post-PG Super-specialty students (P PGs), 31
Non-Clinical Faculties (NCFs) and 60 Clinical Faculties
(CFs) in UP University of Medical Sciences Saifai Etawah
UP India, regarding the demand, necessity, importance,
usefulness and applicability of human Anatomy in clinical
practice. So, during Aug.—Nov. 2020, a questionnaire con-
sisting of 15 questions was designed to cover the application
and need of Anatomy in clinical practice as analyzed by
authors and illustrated by (3, 4, 26, 33] Bearhs, Standring,
Bergman et al., Priyadarshini et al., etc., consisting of the
diagnosis and analysis of treatment of disease in clinical
practice by physicians through medicinal treatment. Such
as, “Do the variations in anatomical macro/microstructures
require to analyze the functions, activities and configuration
of organs and systems?” A) Yes, B) No. The questions have
been so designed that the populations were to answer these
questions in yes (Y) or no (N). Ys represent need and Ns no
need. Thus, varying numbers of Ys represent viewpoints of
various populations regarding the degree of need of Anat-
omy in clinical practice. For example, the responders have
been asked in one of the questions, “Is precise knowledge of
surface Anatomy required for observation, palpation, per-
cussion and auscultation at accurate location?” A) Yes,
B) No. The degrees have been defined in hypothesis 1 on a
three-point scale.

Hypothesis 1 The degree of need of Anatomy in clini-
cal practice has been conceptualized as the knowledge of
Anatomy to be “Most essential”, if the means of viewpoints
of group of populations in terms of Ys fall in the range of
10-15 (67-100%), “Essential”, in the range, 69 (40-60%)

and “Least essential” in the range 1-5 (6—33%) (Table 1)
on a three-point scale. A similar pattern has been defined
for the diagnosis and analysis of treatment (Table 1). Here,
the generalized means of viewpoints of all the groups of the
subjects have been computed irrespective of knowledge and
experience of both Anatomy and clinical practice whereas
the sample space possess diversified populations starting
from fresh medical entrants to expert teaching faculties. So,
the pattern of answers is highly divergent due to variation in
knowledge and experience of populations in Anatomy and
Clinical practice both.

Therefore, weighted means of viewpoints were also cal-
culated for more focused opinion of population considering
their knowledge and experience in Anatomy and clinical
practice. If the means of viewpoints are qualified by knowl-
edge and experience of Anatomy, its application and analysis
of clinical care together with knowledge and experience in
clinical care, the mean viewpoints of the total population
is modified/refined by applying weightage/importance of
knowledge and experience. These weightages have been
defined in hypothesis 2.

Hypothesis 2 The Fresh entrants, the students of first semes-
ter of MBBS Ist year, have very limited exposure to both
Anatomy and clinical practice therefore, questions pertain-
ing to distorted macro/micro-anatomical structures, due to
external/internal pathogens, toxins, drugs, environmental
hazards, external traumas/internal lesions due to iatrogenic
causes and misuse of organs/limbs and congenital anoma-
lies or otherwise, generating diseases through impairment of
functions/activities will be almost incomprehensible to them
not to speak of knowing the interwoven interrelationship
among these parameters to analyze the diagnosis and treat-
ment. So, their viewpoints will certainly influence the mean
viewpoints of the students of IInd, IIIrd, IVth and Final year
as all of them constitute the UG group. The other popula-
tions too have variation in their knowledge and experience
in Anatomy and clinical analysis but not to that extent so the
following weightage has been conceptualized.

Thus, hypothesis 2 has been propounded which states
that the weightage/importance has been given 100% to
viewpoints of clinical faculties (CFs) and Post Post-graduate

Table 1 The concepts on degree

A Clinical care Diagnosis Treatment Degree of need
of need of Anatomy in clinical -
care, diagnosis and treatment Ys % Ys % Ys %
10-15 67-100 7-11 63-100 3-5 60-100 Most essential
6-9 40-60 4-6 36-55 2 40 Essential
1-5 6-33 1-3 9-27 1 10 Least essential

Ys represent viewpoints of need of Anatomy by various populations, % is corresponding percentages of Ys
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superspecialists (P PGs) because these group of populations
face constraints of anatomical knowledge in their day today
clinical practice providing real feedback, 65% to non-clini-
cal medical faculties (NCFs) and post-graduating students
(PGs) because the NCFs have no clinical exposure together
with forgotten Anatomy and PGs include PGs from clinical
side and non-clinical students so have variant knowledge
and experience in Anatomy and clinical practice both.60%
to graduating students, UGs consisting of the students from
Ist year to final-year and Interns (Table 2).

As illustrated above, the groups have diversified knowl-
edge and experience so the mean viewpoints are divergent.
So, to achieve more focused viewpoints, the weighted means
of total population have been calculated by applying proper
weightages as defined in Hypothesis 2. This mean again
gives overall weighted mean viewpoints of total population.
To further sharpen and making more comprehensible infer-
ence, the total % of Ys emphasizing Anatomy to be most
essential, essential and least essential have been computed.
In addition to this, the % of responders in various groups,
who expressed that Anatomy is most essential, essential and
least essential, has also been calculated.

This analysis, together with the literature pertaining to the
demand, necessity, importance, usefulness and applicability
of human Anatomy in clinical practice, was reviewed. The
dependence of diagnosis and treatments on human Anat-
omy was analyzed. The hazards of inadequate knowledge
of Anatomy in clinical practice in general and medicinal
treatment in particular were also explored and discussed.
The effects of unknown variations in interwoven relations
among shapes, sizes, locations and orientations of structures,
organs and limbs, their configuration, pathways, functions,
and antigens to be detected through physical examination,
radiological images and their interpretation including the
signatures of diseases on these morphological elements have
been explored and assessed for successful clinical practice.

The permission to seek views of UGs, PGs, PPGs and
faculties of our institute was taken from Dean (Faculty of
Medicine). The participants were verbally informed that
their views were used for research purpose. Ethical clear-
ance for the study was obtained from Institutional Ethical
Committee vide no. 142/2020-21.

Table2 The concept of weightage depending on knowledge and
experience of populations

Subject Weightage in %

and fraction
UGs + Interns 60 0.6
PG Students + Non-clinical Faculties 65 0.65
Post PG Students + Clinical faculties 100 1.0

UGs undergraduate medical students, PGs postgraduate medical stu-
dents

@ Springer

Results

The computed generalized and weighted means of view-
points of all the groups individually are shown in the tables
pertaining separately, to total clinical practice (Table 3),
diagnosis (Table 4) and treatment (Table 5). It can be clearly
seen from the generalized means that particularly, the UGs
studying medicine in various years and semesters have lim-
ited exposure to both Anatomy and clinical practice so their
viewpoints, on questions like, “while understanding mal-
functions of organs/systems, is the knowledge of organiza-
tion and shape, size, location and orientation of structures
not required?”” A) Yes, B) No., are not only highly divergent
but also having skew values. The range of Ys (viewpoint
to express degree of need of Anatomy in clinical Analy-
sis) from UGs spreads in the range from 5 to 15 having
maximum divergence in the questions pertaining to overall

Table 3 Generalized mean viewpoints on need of Anatomy in clinical
practice

Populations Mean+S.D  Degree of need
UGs 11.1+£22 ME
Interns 12+0.6 ME
PGs 11.6+1.74 ME
NCFs 12.55+2.11 ME
P PGs 13.1+1.5 ME
CFs 13.2+£1.71 ME
Weighted mean of 12.2 ME
UGs + Interns + PGs + NCFs + P
PGs+CFs

UGs undergraduate medical students, PGs post-graduate medical stu-
dents, P PGs post postgraduate medical students, NCFs non-clinical
faculties, CFs clinical faculties, S.D. standard deviation, ME most
essential degree of need of Anatomy

Table 4 Mean viewpoints on need of Anatomy in diagnosis

Populations Mean+S.D  Degree of need
UGs 8.4+1.5 ME
Interns 9.0+0.6 ME
PGs 951 ME
NCFs 9.7+12 ME
P PGs 9.7+13 ME
CFs 10.2+0.9 ME
Weighted mean of 9.5 ME
UGs + Interns + PGs + NCFs + P
PGs +CFs

UGs undergraduate medical students, PGs post-graduate medical stu-
dents, P PGs post postgraduate medical students, NCFs non-clinical
faculties, CF's clinical faculties, S.D. standard deviation, ME most
essential degree of need of Anatomy
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Table 5 Mean viewpoints on need of Anatomy in treatment analysis

Populations Mean+S.D  Degree of need
UGs 3.8+0.1 ME
Interns 3.8+04 ME
PGs 4+09 ME
NCFs 43+0.8 ME
P PGs 42+09 ME
CFs 44+09 ME
Weighted mean of 4.1 ME
UGs + Interns + PGs + NCFs + P
PGs +CFs

UGs undergraduate medical students, PGs post-graduate medical stu-
dents, P PGs post postgraduate medical students, NCFs non-clinical
faculties, CFs clinical faculties, S.D. standard deviation, ME most
essential degree of need of Anatomy

clinical practice whereas, these ranges of Ys expressed
by PGs, Interns, P PGs, NCFs and CFs are 9-15, 11-13,
11-15, 10-15 and 9-15, respectively having less diverged
data than UGs. Similar is the case for questions in diag-
nosis and treatment. In addition to this, the data of mean
statistics have divergence as large as from 11.1 +2.2 to

13.2+1.71in clinical practice, from 8.4+1.5 to 10.2+0.9
in diagnosis and from 3.8 +0.1 to 4.4 +0.9 for analysis of
treatment (Tables 3, 4, 5). Here the lowest degree of need of
Anatomy for most essential is from UGs and highest degree
of need of Anatomy among most essential is from CFs with
divergence as large as 2.2 in standard deviation for UGs.
This loudly speaks that maximum divergence of Ys is from
UGs and minimum deviation in CFs. These results support
our Hypothesis 2. However, ‘most essential’ degree of need
has been expressed by 77.7% UGs, 91% by PGs, 100% by
Interns, P PGs, NCFs and 98% by CF:s for clinical practice,
similarly for diagnosis and treatment (Tables 6,7, §). Out of
total Ys (contributing to the 3 degrees of need of Anatomy),
majority ranging from 61.4 to 87%, 74 to 93% and 72.5 to
86% contribute to ‘most essential’, 0 to 12.4%, 0 to 2% and
0 to 2.2% to essential and almost no Ys have been given by
responders for ‘least essential’ (Tables 6, 7, 8).

The weighted means of total population improve the
degree of need of Anatomy in clinical practice together with
diagnosis and treatment from 11.5 to 12.2, 8.9 to 9.5 and
3.9 to 4.1 remaining in the range of ‘most essential’ Ys.
The individual means of Ys from all the groups separately
can be seen in detail from the tables which again fall in the

Table 6 Showing % of

. Groups R% Ys % T % of Ys
responders, % of Ys supporting
need of Anatomy in clinical For ME For E For LE For ME For E For LE
practice in each of the three
degrees “most essential”, UGs 77.7 22 0.3 61.4 12.4 0.001 74
“essential” and “least essential” Interns 100 0 0 80 0 0 80
and % of Ys for each group of PGs 91 3 0 7 5 0 77
responders
PPGs 100 0 0 87 0 0 87
NCFs 100 0 0 84 0 0 84
CFs 98 2 0 87 1 0 88
Total P 83.6 16.2 0.2

R responders, T total, Ys are the viewpoints supporting Anatomy is most essential, ME most essential, £
essential, LE least essential, UGs undergraduate medical students, PGs post-graduate medical students,
PPGs post PGs, NCFs non-clinical faculties, CFs clinical faculties, P population, % percentage

Table 7 Showing % of

. Groups R% Ys % T % of Ys
responders, % of Ys supporting
need of Anatomy in diagnosis in For ME For E For LE For ME For E For LE
each of the three degrees “most
essential”, “essential” and “least UGs 95 5 0 74 2 0 76
essential” and % of Ys for each Interns 100 0 0 82 0 0 82
group of responders PGs 97 3 0 84.5 15 0 86
PPGs 100 0 0 88 0 0 88
NCFs 100 0 0 88 0 0 88
CFs 100 0 0 93 0 0 93
Total P 97 3 0

R responders, T total, Ys are the viewpoints supporting anatomy is most essential, ME most essential, F£
essential, LE least essential, UGs undergraduate medical students, PGs post-graduate medical students,
PPGs post PGs, NCFs non-clinical faculties, CFs clinical faculties, P population, % percentage
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Table 8 Showing % of

. Groups R% Ys % T % of Ys
responders, % of Ys supporting
need of Anatomy in analysis For ME For E For LE For ME For E For LE
of treatment in each of the
three degrees “most essential”, UGs 92.2 5.7 2.1 72.5 2.2 0.4 75.2
“essential” and “least essential” Interns 100 0 0 76.7 0 0 76.7
and % of Ys for each group of PGs 9 4 0 78.6 1.6 0 80.2
responders ' ’ ’
PPGs 100 0 0 84 0 0 84
NCFs 100 0 0 86 0 0 86
CFs 96.7 33 0 86 1.3 0 87.3
Total P 94 4.7 1.3

R responders, T total, Ys are the viewpoints supporting is most essential, ME most essential, E essential, LE
least essential, UGs undergraduate medical students, PGs post-graduate medical students, PPGs post PGs,
NCFs non-clinical faculties, CFs clinical faculties, P population, % percentage

range of Ys for ‘most essential’. 83.6 ~84% of the responders
from total population express the degree of Anatomy to be
‘most essential’, 16.2 ~16% ‘essential’ and negligible 0.2%
least essential in clinical practice; 97% of responders from
total population express ‘most essential’, 3% ‘essential’ and
none expresses ‘least essential’ in diagnosis whereas 94%
of responders from total population express ‘most essen-
tial’, 4.7% ‘essential’ and 1.3% express ‘least essential’ in
treatment.

These are extremely beautiful results strongly support-
ing the degree of need of anatomical knowledge to be ‘most
essential’ in clinical practice. However, the presence of
skew values was found in the feedback from chiefly UGs
and mildly from PGs due to variant knowledge and experi-
ence of the sciences. These deteriorated the statistical means
and % analysis to some extent. However, this was tried to be
annulled by computing weighted mean.

Discussion

There are two basic pillars of this study. First is the statistical
analysis of feedback survey regarding opinions of popula-
tion groups, such as UGs, Interns, PGs, P PGs, NCFs and
CFs and total population. Second, the review and analysis
of research literature regarding the degree of need of ana-
tomical knowledge for successful clinical practice have also
proved foundational.

Statistical analysis of opinion feedback survey

The students’ opinion is important because they pursue
medical education getting ready to enter into the medical
profession. Whatever difficulties, they were facing in com-
prehending medical education and practically in clinical
practice, will be revealed. This will add immense importance
to study but with the constraint that they neither have enough
experience in clinical analysis nor remember the clinically
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important anatomical variations. Though these students have
been divided into four groups, namely UGs, PGs, Interns
and P PGS, yet these groups too have diversified knowledge
and experience. So it is pertinent to mention here that the
first-year students of MBBS are exposed to clinical practice
and anatomy in a very limited manner. However, IInd, IIrd,
IVth and final-year students are conversant with pre-clinical
Anatomy and clinical practice to some extent, so the mean
viewpoints of UGs might have been distorted. PGs exercise
the residual Anatomy after forgetting part of it together with
they being from basic, para-clinical and clinical sciences.
So, their viewpoints are also divergent. However, clinical
PGs have acquired enough clinical experience to reveal the
need of Anatomy. The basic sciences faculties consist of a
spectrum of backgrounds, some are not medically qualified
so devoid of clinical exposure and some might have for-
gotten Anatomy during their post-graduation and teaching
career in different disciplines. This segment of population
contributed to distorted mean viewpoints. The Post PGs and
clinical faculties are mature and experienced clinicians with
residual Anatomy studied, during preclinical phase and dur-
ing self-studied clinical Anatomy during clinical practice,
have clear concept regarding degree of need of anatomy.
Therefore, their feedback has been regarded as most valu-
able. Since the number of UGs/PGs dominates the numbers
of other groups so even after applying the weightage, the
weighted mean of viewpoints is only slightly corrected.

To accomplice the objective, three-tier analyses have
been carried out on the degree of need of Anatomy in clini-
cal practice consisting of diagnosis and treatment. The
means viewpoints of UGs in clinical practice, diagnosis,
and analysis of treatment, respectively, (11.1+2.2, 8.4+ 1.5,
3.8+0.1), Interns (12+0.6, 9.0+ 0.6, 3.8+ 0.4), PGs
(11.6+1.74,9.5+1,4+0.9), P PGs (13.1+1.5, 9.7+1.3,
4.2+0.9), NCFs (12.55+2.11, 9.7+ 1.2, 4.3+0.8) and)
CFs (13.2+1.71, 10.2+0.9, 4.4+ 0.9) which though fall
well within the range of ‘most essential’ (10-15, 7-11, 3-5).
This clearly states that the degree of need of Anatomy is
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‘most essential’ for all the groups as defined in Hypoth-
esis 1. The application of weighted mean concept further
enhances the degree of need of anatomical knowledge within
the range of ‘most essential’ from 11.5, 8.9, 3.9 to 12.2, 9.5,
4.1 in clinical practice, diagnosis, and analysis of treatment,
respectively.

Further percentage analysis of responders, group-wise
and total population firmly establish that the degree of need
of anatomical knowledge is ‘most essential’ by majority of
individual groups, such as UGs (77, 95, 92.2)%, Interns
(100,100,100)%, PGs (91, 97, 96)%, P PGs (100,100,
100)%, NCFs (100,100, 100)% and CFs (98,100, 96)% and
total population(83.6, 97, 94)% in clinical practice, diagno-
sis, and analysis of treatment.

In a survey carried out by Ahmed et al. revealed that all
participants consisting of medical students, trainees and spe-
cialists agreed that knowledge of anatomy is important for
medical practice and is perceived to be important for safe
clinical practice [1].

Our study confirms that Anatomy is most essential for
clinical practice and is also supported by previous studies
[1, 23].

Analysis of literature survey

As the three-tier statistical analysis has been carried out
from feedback survey on following heads, (1) Diagnosis,
(2) Analysis treatment and (3) Overall clinical analysis so
let us examine the same through literature survey.

Diagnosis

The diagnosis of disease starts from the patient’s input in
form of signs and symptoms of discomfort of disease at body
location/feelings and ends with the complete investigation
of disease through laboratory tests. In this process, clini-
cians firstly, analyze the signs and symptoms in relation
to anatomical causatives like distortions in shapes, sizes,
locations, orientations, pathways and configurations of ana-
tomical macro/microstructures forming organs and systems
of human body by physical examination through inspec-
tion, palpation, percussion and auscultation [33], and then
investigate the location of causative factors. This completely
depends on a precise knowledge of surface Anatomy with
respect to relevant anatomical landmarks in relation to con-
cealed internal distorted morphology of structures, organs,
limbs and systems.

Then, advanced investigations are done by mapping of
signs and symptoms of discomforts, disease and anatomi-
cal structural anomalies like distortions or variations in
structures causing impairment of activities and/or functions
(Fig. 2A, B) along with changes of sensation in structures,
organs, limbs, and systems. These diagnostic parameters

are having very complexly interwoven, interdependent and
interrelationship among them so these can be assessed only
with help of necessary and sufficient Anatomy to correctly
diagnose the diseases for administering the right treatment.

The anatomical structural distortions are examined by
interpretation of radiological images of extra growth in
bones, hard masses, stones, injury, extra-development of
bodies and variant attachment of tendon/ligaments/fibers in
organs/systems and degeneration of macro/microstructures
due to interaction of two structures and histological slides
including other pathological tests for changes at micro-level.
With advances in science and technology, new techniques
and equipment have been innovated to facilitate diagnosis
and treatment. The use of these tools requires detailed and
precise knowledge of Anatomy for its efficient application
and analysis. Therefore, physicians are required to have pro-
ficiency and skill to compare defective/injured macro/micro-
structures with normal ones. This is only possible when cli-
nicians have a sound knowledge of most essential Anatomy.
It has been found that clinicians either say they require least
Anatomy or they diagnose with overconfidence of without
knowing necessary and sufficient Anatomy. The clinicians
guiding/exercising clinical Anatomy for clinical analysis
often have neither the time to update anatomical knowledge
nor remember it to the required level as “Perhaps we don’t
know what we thought we knew: Why clinicians need to re-
visit and re-engage with clinical anatomy” [8]. Specialty
practitioners dealing with more critical patients suffering
from more complex and advanced diseases, certainly, require
more precise diagnosis to explore macro/microstructural dis-
tortion/deformation to be manipulated by medicines. This
will involve most essential and more detailed Anatomy far
beyond that provided by undergraduate teaching.

Treatment

As elaborated in the preceding section, the generalized/
weighted mean viewpoints from all populations established
that Anatomy is most essential in clinical practice (Tables 3,
4, 5). This applies at all stages of diagnosis and assessment
of the medicinal or surgical treatment. All these stages have
an underpinning of anatomical knowledge and understand-
ing. In other words, not only diagnosis but also analysis of
treatment depends on anatomical structural deformations
as the new drugs/ medicinal molecules/antibiotic medicines,
for manipulation, restoration, activation, or dissolution are
location, structure, organs, system, impairment and disease
specific, so these cannot be administered without detailed
knowledge of most essential Anatomy for such clinical
analysis. For example, (1) the treatment through specific
drug or medicines of stones in the gall bladder or kidney or
infection in lungs and other organs together with (2) extra
growth in bone due to cancer or clinical complications like
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Relationship among Anatomy,
Physiology, Pathology, Radiology, Diagnosisand treatment

Causatives: Pathogens, toxins, oral intake,

environment hazards, traumas, misuse of limbs, variations,
ongenital anomalies and/or iatrogenic factors,

drugs or others

Human Body/Anatomy
Deforming the shape size, location, orientation,
pathways and configuration of

body/organ/tissue/molecule

Impairment activities/functions of
Structures, organs, limbs systems creating signs and
symptoms of disease

Disease

Diagnosis and Treatment

B

@nosis and treatment

Diagnosis: Physical examination, Imagery
interpretation and Lab. test based on signs and symptoms,

to detect anatomical distortions

Assessment of Disease: Analysis of distortions,

functions coupled with signs and symptoms

Treatment: Medicinal and Surgical

. Medicinal: For manipulating restoration of anatomica
distortions so functions by medicines without side-effect

2. Surgical: For manipulating restoration of anatomical
distortion so functions by surgery without iatrogeny

Fig.2 A Shows interwoven interrelationship of Anatomy with physiology, pathology and radiology. B Shows interwoven interrelationship of

Anatomy with Diagnosis and analysis of treatment

ischemia, nerve irritation and/or degeneration of microstruc-
ture etc., including (3) if there is swelling in a structure/
organ, are followed by monitoring of images and imagery
interpretation dependent on knowledge of Anatomy. Thus,
Pathology and Radiology cannot be comprehended without
sound knowledge of Anatomy as “a mechanic does not know
the parts of the machine, automobile, or television set, he is
repairing, it is unlikely that it will work in the end. So, physi-
cians, regardless of their specialty, must know and appreci-
ate gross anatomy” [3].

In illustrations like these, the role of anatomical knowl-
edge can be overlooked since by the treatment stages, it has
become thoroughly integrated into the clinicians’ vocabu-
lary. However, any inadequacies in that knowledge may
appear all too starkly in misdiagnosis and inappropriate
treatment. In such circumstances, the possibility of misdi-
agnosis and mistreatment may be high.

However, the pseudo-concept of requiring inadequate
levels of Anatomy may lead to such hazards as instant sup-
pression of signs and symptoms to the detriment of patients’
welfare and health. Such treatment not only produces no
relief, side-effects/reactions to drugs, may weaken the
immune system of the body and may also lead to additional
costs in the health care system including the litigation in

@ Springer

failure cases. Therefore, in case of litigation in medicole-
gal complications, the defense of physician and the claim
from insurance companies, in relation to the manipulation,
restoration, activation, or dissolution of structural defor-
mations in shapes, sizes, locations, orientations, pathways
and configurations of known/unknown millions of external/
internal anatomical macro/microstructures forming organs
and systems of human body, can be successfully pleaded on
the basis of clear and in-depth anatomical knowledge.

Research

All too often Anatomy is regarded by some as being mori-
bund and stuck in an unchanging past. This is seriously
misguided and detrimental to anatomical education, since
it pits Anatomy against the excitement of the rapidly mov-
ing disciplines, such as virology, genetics and molecular
biology. They are rapidly moving but to place all the stress
on them as the bases for clinical disciplines is hazard-
ous. No matter how much they contribute to contempo-
rary medicine and to its bioscience foundations, they can-
not survive without a wealth of fundamental knowledge
across the broad spectrum of the pre-clinical and clinical
sciences. Not to speak of this, clinical Anatomy itself is
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moving. A glance at any of the earlier editions of Gray’s
Anatomy and an edition produced in the twenty-first cen-
tury is enough to demonstrate that the details of the Anat-
omy of the first part of the twentieth century and the first
part of this century are separated by a gulf of enormous
proportions. And this gulf is down to the research under-
taken across all branches of Anatomy. While many of these
details may not be required by every undergraduate medi-
cal student, the concepts that drive the clinical sciences
are being transformed by the vibrancy of contemporary
Anatomy. This is why it is appropriate to regard anatomi-
cal education as being essential for much in medicine.

Conclusion

These data, bringing out overall generalized mean view-
points of all the groups and total populations, reveal that
the Anatomy is most essential for successful clinical prac-
tice consisting of diagnosis and treatment supporting the
concept, ‘inadequate anatomical knowledge for physi-
cians, is hazardous for successful clinical practice’.

Diseases, distorting anatomical structures/organs/limbs
or systems are responsible for impairment of functions
and activities. These dysfunctions create signs and symp-
toms of diseases. The accurate diagnosis and analysis of
treatment can be carried out by exploring the interwoven
interrelation between diseases, signs and symptoms and
distortions or injuries in the anatomical structures/organs/
systems. It clearly establishes that the knowledge of Anat-
omy is ‘most essential’.

The diagnosis and treatment can further be refined by
intensive research in grey areas of medical sciences con-
sisting of standalone Human Anatomy and collaborative
multidisciplinary research by medically qualified anato-
mists and others to enhance healthcare.

Limitations

1. The eruption of COVID-19 pandemic interrupted the
collection of data.

2. The varied knowledge and experience in Anatomy and
clinical analysis of various populations influenced the
feedback.

3. The knowledge of English of populations was variable
and so some questions might have been misunderstood.

4. Certain participating populations had no exposure to
clinical care.
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