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ABSTRACT

Background: Radiological imaging has become critical in clinical diagnosis,
and the various modalities have different degrees of diagnostic accuracy, patient
safety, and efficiency. Comparative evaluation of these modalities is essential
for optimal clinical decision-making. The objective of the present study was to
analytically evaluate and compare aspects of diagnostic accuracy, patient safety
and efficiency of common radiological modalities such as X-ray, ultrasound
(USG), computed tomography (CT) and magnetic resonance imaging (MRI).
Materials and Methods: A observational study was done on 500 patients who
had radiological evaluation. Information on diagnostic results, safety measures,
including radiation dosage and adverse events and efficiency measures,
including turnaround time and diagnostic confidence were gathered. Diagnostic
performance was evaluated using sensitivity, specificity, and accuracy, while
safety and efficiency were analyzed using descriptive statistical methods.
Results: The results demonstrated that ultrasound had the highest diagnostic
accuracy (93.8%), followed by CT (83.7%), MRI (75.5%), and X-ray (68.9%).
CT was associated with the highest radiation exposure (7.08 mSv) and all
observed adverse events (2.2%), whereas USG and MRI showed no radiation
exposure or adverse events. X-ray exhibited the shortest turnaround time, while
MRI demonstrated the highest diagnostic confidence, despite longer turnaround
time.

Conclusion: In conclusion, significant variation exists among radiological
modalities, and appropriate modality selection is essential to balance diagnostic
performance, patient safety, and efficiency in clinical practice.

Keywords: Radiological imaging, Diagnostic accuracy, Patient safety,
Computed tomography, Ultrasound, Magnetic resonance imaging.

INTRODUCTION

Radiological imaging plays an important role in
modern medicine by helping to make the right
diagnosis, making decisions about treatment, and
improving patient outcomes. In parallel with the
rapid advancement of technology, a wide range of
imaging modalities are widely used in the clinics
including X-ray, ultrasound (USG), computed
tomography (CT) and magnetic resonance imaging
(MRI). Each modality has its advantages and
disadvantages concerning diagnostic value, its
availability and also its application in clinical
practice, and the selection of the appropriate modality

is essential so that the patient can receive the best
care.lt2

X-ray imaging has been one of the most widely used
and available diagnostic imaging especially in an
emergency and primary care environment. It offers
fast and low cost imaging but has low diagnostic
sensitivity particularly in the detection of subtle or
complex pathologies. Ultrasound, on the other hand,
is a safe and versatile modality, which provides real-
time imaging without ionizing radiation and is
especially safe and effective in abdominal and soft
tissue imaging.> The wvalue of point-of-care
ultrasonography in clinical decisions is a growing
phenomenon.“
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It is sensitive, provides high resolution cross
sectional images, and is extremely helpful in the
diagnosis of a wide range of diseases including
trauma, vascular diseases and malignancy. Over the
past few decades, CT has revolutionized the
diagnostic imaging field and continues to play a
major role in clinical imaging.>% However, radiation
exposure and radiation-induced long-term effects
problems have emerged as a result of its
popularity.l"81  Research has highlighted the
importance of optimization of CT protocols in order
to reduce the amount of radiation dose without
compromising diagnostic quality.®!

The MRI provides excellent soft tissue contrast and
is very useful for imaging the brain and spine and the
joints, muscles and bones, such as cancers. It can
offer detailed anatomic and functional information
and this is where it finds its use in complicated
clinical scenarios.[*1¥

Developed MRI methods such as dynamic contrast-
enhanced imaging have also increased its clinical use
in the assessment of disease processes and treatment
response.lt%

In spite of these benefits, there has been growing
concern over the growing use of sophisticated
imaging modalities and their use in clinical practice
and overutilization. The result of uncritical
application of high-tech imaging can be unwarranted
procedures, higher medical expenses, and even harm
to the patients.l'Y] The trends in the use of imaging
have depicted a high increase in the use of CT and
other sophisticated modalities, which requires the
creation of measures to make sure that they are used
properly.[t?

The safety of patients is a paramount issue
concerning radiological practice, especially when it
comes to radiation and contrast related
complications. CT is known to be a significant source
of radiation dose in medical imaging and the
minimization of unnecessary exposure has become a
priority.1314  Radiation protection protocols lay
much emphasis on the optimization of dose, and
justification of imaging practice to reduce risks.[t34
Furthermore, the safety of the contrast media is also
important, particularly in the context of CT and MRI
studies, where reactions to the contrast agent (which
can occur, but are rare) can occur.

Different imaging modalities in the clinical setting
should be a judicious process taking into account all
parameters of diagnostic value, safety and efficiency.
Other more sophisticated imaging systems like
PET/CT have also extended the range of diagnostic
possibilities, both by their functionality and their
anatomy, especially in cancer.'® But the choice of
the best modality should be based on clinical, patient
and available resource indicators.

A further detailed comparative study should be
carried out, taking into account the diagnostic
accuracy and also patient safety and operational
efficiency of the various imaging modalities that are
available and the advantages and disadvantages.
While studies have been conducted on single

modalities or disease conditions, not many studies
have been conducted on these parameters as one
parameter of analysis.

The purpose of this is to critically analyse the most
common radiological modalities (X-ray and USG,
CT and MRI) in terms of diagnostic accuracy, trends
in safety of the patient and efficiency outcomes. By
integrating these parameters, the research will tend to
provide evidence-based data that can guide clinicians
to select the most appropriate imaging modality and
improve the patient care in general.

MATERIALS AND METHODS

Study Design: The present research was conducted
in the form of an analytical observational study to
compare and contrast diagnostic accuracy, patient
safety as well as efficiency of routine radiological
modalities. Four imaging methods (X-ray, ultrasound
(USG), computed tomography (CT) and magnetic
resonance imaging (MRI)) were studied. The design
allowed a comparative study of the outcome of
diagnostic and safety parameters of working with
these modalities in a systematic manner.

Study Population: The number of patients in this
study was 500. The sample consisted of adult patients
who were undergoing imaging to establish a
diagnosis for reasons such as trauma, infections,
cancer, and many other clinical presentations.
Including a variety of patients in the sample made the
results more clinically representative.

Inclusion and Exclusion Criteria

The study included patients who had imaging with
full diagnostic data with a reference standard to
confirm the imaging with X-ray, USG, CT, or MRI.
The cases whose records were not complete or lacked
conclusive results on the diagnosis were excluded.
Data Collection: All included patients were
systematically collected in terms of primary data. The
demographic data (age and gender) were taken.
Imaging modality, radiological findings, as well as
the reference standard of every patient were recorded.
Diagnostic results were determined relative to the
reference standard and as true positive (TP), false
positive (FP), true negative (TN), and false negative
(FN). Moreover, patient safety parameters were
documented, such as the use of contrasts, the
frequency and severity of adverse events, and
radiation dose in millisieverts (mSv) were
documented.

Distribution of Imaging Modalities: The imaging
modalities were equally represented in the study so
that it could be compared effectively. X-ray and
computed tomography (CT) were each performed in
132 and 129 patients, respectively, while ultrasound
(USG) and magnetic resonance imaging (MRI) were
performed in 129 and 110 patients. This fairly
balanced distribution guaranteed that each modality
was adequately represented and that comparative
analysis was not biased.
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Outcome Measures: Diagnostic accuracy was the
main outcome measure of the study measured in
terms of sensitivity, specificity and overall accuracy.
Sensitivity was used to denote the capacity of a
modality to correctly detect diseased cases whereas
specificity denoted the capacity of a modality to
correctly detect non-diseased cases. The overall
accuracy indicated the percentage of correctly
diagnosed cases of all the cases analyzed. Patient
safety and efficiency were used as secondary
outcome measures. The patient safety was measured
by the frequency and severity of adverse events,
relatedness to contrast use, and radiation exposure
across modalities. Turnaround time and diagnostic
confidence were used to measure efficiency to give
an idea of the operation performance and
interpretative reliability.

Statistical Analysis: The descriptive statistical
methods were used to analyze data. Continuous
variables, which include turnaround time, radiation
dose and diagnostic confidence, were presented as
mean values. Categorical variables, such as modality
distribution, adverse events, and diagnostic outcomes
were in the form of frequencies and percentages. The
four imaging modalities were compared to assess the

differences in diagnostic accuracy, patient safety, and
efficiency.

RESULTS

Demographic Profile: A total of 500 patients were
used in the current study. The sex and age
distribution was rather balanced and there was no
prevalence of a particular age or gender. This
balanced demographic represented that the results
were not significantly influenced by demographic
bias and could easily be compared to ascertain the
accuracy of the diagnosis, patient safety and
efficiency of different imaging modalities.
Heterogeneity of the patient population makes the
results externally valid, and may be used in the
clinical practice because the imaging modalities are
used in different groups of patients.

Modality Distribution: [Table 1] illustrates the
distribution of radiological modalities of the study
population. X-ray and computed tomography (CT)
were each performed in 132 (26.4%) and 129 (25.8%)
patients, respectively, while ultrasound (USG) and
magnetic resonance imaging (MRI) were utilized in
129 (25.8%) and 110 (22.0%) patients.

Table 1: Distribution of Radiological Modalities

Modality Number (n) Percentage (%)
X-ray 132 26.4
USG 129 25.8
CT 129 25.8
MRI 110 22.0
Total 500 100

The comparatively equal proportions of modalities
offered adequate coverage of each imaging modality,
which presented a considerable amount of
comparative analysis. The most commonly used first-
line imaging modalities included X-ray and USG,
and CT and MRI were the types of secondary
diagnosis. This is an equal distribution that reduces

biases caused by uneven sample sizes and enhances
the validity of inter-modality comparisons.
Diagnostic Accuracy

[Table 2] demonstrates the sensitivity, specificity and
total accuracy used to assess the diagnostic
performance of the modalities.

Table 2: Diagnostic Performance of Radiological Modalities

Modality Sensitivity (%) Specificity (%) Accuracy (%)
X-ray 59.6 88.4 68.9
USG 93.1 94.7 93.8
CT 86.7 79.6 83.7
MRI 71.8 82.1 75.5

80 4

o
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Figure 1: Diagnostic Accuracy Across Modalities

Among the modalities, ultrasound (USG) was the
most accurate in diagnosis (93.8 %), which is
combined with a high sensitivity and specificity,
which means that it has a high level of performance
both in detecting the disease and in the ability to
identify the absence of the disease. These results
indicate that USG is very predictable in the clinical
setting where it is chosen adequately.

Computed tomography (CT) demonstrated good
diagnostic performance too, with an accuracy of 83.7
%, which demonstrates its usefulness in the
assessment of a broad spectrum of pathologies. It is
relatively sensitive, which means that it is highly
capable to detect disease, but its lower specificity in
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comparison to USG implies that there is a slight
probability of false-positive results.

Magnetic resonance imaging (MRI) had a moderate
diagnostic accuracy of 75.5%. MRI was not the most
diagnostic in this dataset, even though it has high soft
tissue contrast and imaging capabilities.

The lowest sensitivity (59.6%), and overall accuracy
(68.9%) were observed with X-ray imaging, which
means that it is not sensitive to some pathologies, but
the specificity is relatively good.

These results are also depicted in [Figure 1] that
shows the relative diagnostic accuracy of modalities.
The figure evidently points out the better
performance of USG and relatively low performance
of X-ray.

Patient Safety Analysis: The use of contrast,
adverse events, and radiation exposure are patient
safety parameters that are summarized in [Table 3].

Table 3: Patient Safety Parameters by Modality

Figure 2: Radiation Exposure Across Modalities

Modality Total Cases (n) Adverse Events (n) Radiation Dose (mSv, Mean)
X-ray 132 0 0.58
USG 129 0 0
CT 129 11 7.08
MRI 110 0 0
;) The findings indicate that CT is associated with a
higher risk of adverse events, likely due to contrast
61 administration  and  procedural  complexity.
| Conversely, the USG and MRI had an excellent
a3 safety profile with no adverse events reported. The
g 2l analysis of radiation exposure showed that the mean
e radiation dose of CT was the greatest (7.08 mSv),
£ 3 then X-ray (0.58 mSv), and USG and MRI did not
2 require any ionizing radiation. These findings are
%] visually represented in Figure 2, which highlights the
1] marked difference in radiation exposure among
modalities, particularly the significantly higher dose
0 - - - - associated with CT.
Xray UsG cT MRI .. -
Modality Efficiency Outcomes: [Table 4] displays the results

of efficiency such as turnaround time and diagnostic
confidence.

Table 4: Efficiency and Diagnostic Confidence

Modality Turnaround Time (min) Diagnostic Confidence
X-ray 23.9 3.51
USG 28.7 3.76
CT 44.8 4.26
MRI 57.7 4,57

Turnaround Time {minutes)
L [ g 4 w w
o w w (=] w

]
w

Xray usG cT MR
Modality

Figure 3: Turnaround Time Across Modalities

The modality with the shortest turnaround time (23.9
minutes) was X-ray, thus, the most time-efficient.
USG also demonstrated a rather fast processing (28.7
minutes) and this fact corroborates its use in urgent

clinical decision-making. The CT took a moderate
time (44.8 minutes) and the MRI took the longest
turnaround time (57.7 minutes) as an indicator of
complexity of imaging protocols. MRI scored the
highest (4.57), then CT (4.26), USG (3.76) and X-ray
(3.51) in terms of diagnostic confidence. These
results indicate that MRI did not have the best
diagnostic accuracy but offered the best interpretative
confidence. The difference between the turnaround
time of the modalities is shown in [Figure 3] that
indicates a steady rise between X-ray and MRI.

The findings indicate that there is a high degree of
variability in the diagnostic accuracy, patient safety,
and efficiency among the frequently-utilized
radiological modalities. Ultrasound had the highest
accuracy, CT had the best compromise between
accuracy and efficiency, although it had higher
radiation exposure and complications. The highest
diagnostic confidence was for MRI, but the accuracy
was only moderate, while X-ray was the quickest, yet
the least sensitive.

60

International Journal of Medicine and Public Health, Vol 6, Issue 1, January-March 2016 (www.ijmedph.org)



DISCUSSION

The present study provides a comprehensive
evaluation of the accuracy of diagnosis, patient
safety, and efficiency of common radiological
techniques like X-ray, ultrasound (USG), computed
tomography (CT), and magnetic resonance imaging
(MRI). The results show that there is a large
difference in the performance across these
modalities, which highlights the need to select the
modality properly depending on clinical needs and
risk-benefit factors, in line with the existing imaging
guidelines and appropriateness criteria.['6]
Ultrasound had the highest overall accuracy in terms
of diagnostic accuracy with a high sensitivity and
specificity. The implication of this finding is that in
the selected clinical situations, USG is very effective
in the detection and exclusion of disease. The
diagnostic use of ultrasound has been noted to be
advantageous in the past, especially in diseases like
acute appendicitis where it has been shown to be
accurate and non-invasive and radiation-free.[1"-1
The high specificity seen with USG in the current
study also helps its use to reduce the number of false-
positive diagnoses.

CT proved a high level of diagnostic accuracy and
proves the established value as a high-quality
imaging tool that will help a great deal to assess the
patient. The sensitivity of CT is high as it is consistent
with the literature that shows the ability of CT to
identify various pathologies [20]. But it also has a
relatively low specificity that implies the possibility
of the false-positive results that have been observed
in diagnostic imaging investigations.?4

Although magnetic resonance imaging has better soft
tissue resolution, it was reported to have moderate
diagnostic accuracy in the current study. This
observation shows the inconsistency of MRI
performance as to clinical indications and case
selection. Though MRI is regarded as a gold standard
of particular diseases, its diagnosis should be gauged
in the framework of clinical applicability and
imaging guidelines, which are also reinforced by
imaging appropriateness models.6

The lowest sensitivity and the overall diagnostic
accuracy were observed in the X-ray imaging, which
is consistent with the already known limitations of
this technique in identifying subtle or complicated
abnormalities. However, its comparatively greater
specificity justifies its further use as a screening tool
in the first place, especially in the environment where
a quick and inexpensive imaging is needed.

The results of patient safety analysis showed that the
adverse events were not common and were only
experienced in patients who had CT imaging.?? This
fact points to the overall safety of radiological
procedures and underscores the risk that CT may
entail especially with contrast administration. These
same issues have been noted in previous studies
about adverse effects and complications of contrast-
enhanced CT imaging.!

But exposure to radiation is still an important factor
when choosing an image. In this study, the radiation
dose of CT was found to be highest, then X-ray, with
USG and MRI having no ionizing radiation. These
results are in agreement with previous studies, which
have shown that a substantial amount of radiation
exposure occurs during medical imaging using
CT.[#281 |n addition, long-term cancer risk has been
an issue of concern due to repeated exposure of
CT. Therefore, the indications for using CT in
clinical practice need to be examined carefully,
taking into account the potential risks and benefits of
the procedure for diagnosis.

The efficiency results in the present study showed
that the turnaround time for X-ray was the shortest
followed by USG, CT and MRI. The results
emphasize the use of X-ray and USG as quick
diagnostic methods in clinical practice. Conversely,
MRI had the longest turnaround time, which
indicates imaging protocols and acquisition
processes are complex. This notwithstanding, the
MRI had the greatest diagnostic confidence implying
that the radiologists are more confident in
interpreting the MRI results on the basis of higher
quality of images and more detailed characterization
of the soft tissues.

The presence of high confidence levels and moderate
accuracy in MRI suggests that there is no direct
relationship between high confidence levels and
diagnostic capabilities; rather, high confidence levels
may be attributed to high-quality images. CT offered
a perfect blend of speed and accuracy, thus proving
to be an efficient imaging tool.

The findings of this study have important clinical
implications. The identified difference in the
accuracy of diagnosis, safety, and efficiency shows
that there is no one best imaging modality that fits all.
Rather, clinical indication, patient condition, and risk
factors should be used to make modality decision.
Ultrasound may be employed as a primary modality
in the right circumstances as it is very accurate and
has a good safety profile. The CT plays a vital role in
the general evaluation, but it is necessary to be used
carefully due to radiations and potential negative
experiences. The MRI can be particularly applicable
in cases of high requirement of diagnostic confidence
and tissue details though with the lengthy turnaround
time. X-ray still has a significant role to play as a
quick and easy screening method.

This paper highlights the need for an appropriate and
scientifically informed process in selecting imaging
modalities. Both the accuracy and safety of such
imaging techniques will help optimize the outcome
and reduce risks associated with the use of imaging
modalities. Patient-related and scientific information
should be taken into account when deciding on using
imaging as stated in other decision models within
health care settings. Utilizing standardized evaluation
criteria helps improve the validity of diagnostic tests.

61

International Journal of Medicine and Public Health, Vol 6, Issue 1, January-March 2016 (www.ijmedph.org)



CONCLUSION

The current paper demonstrates the great discrepancy
in the level of diagnostic precision, patient safety, and
efficiency across commonly wused radiological
modalities, such as X-ray, ultrasound (USG),
computed tomography (CT), and magnetic resonance
imaging (MRI). Ultrasound turned out to be the most
correct modality with the highest sensitivity and
specificity and a good safety profile because of the
lack of ionizing radiation and adverse events.
Computed tomography was found to be most
accurate in diagnosing and provided an effective
instrument to assess comprehensively the case, but it
was linked with the maximum radiation dose and all
adverse events occurred, which highlights the
necessity of careful and justified utilization. The
magnetic resonance imaging was less accurate in
diagnosis but had the highest diagnostic confidence
as it showed good image quality and detailed tissue
characterisation, although with a longer turnaround
time. X-ray imaging had relatively lower diagnostic
accuracy, but was the most time efficient modality
and is still important in clinical practice as a quick
and convenient screening tool. Overall, the findings
point out that there is no superior imaging modality
and that a modality that is appropriate for a specific
clinical situation is rationalized by clinical indication,
patient safety and resource availability. An evidence-
based and balanced approach to imaging can
maximise the benefits of the imaging process with
minimal risk of harm to the patient, thereby
optimising imaging for patient treatment and
optimising the use of radiological resources.
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