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Abstract

Background: In radiographic imaging, exposure parameters such as kilovoltage peak (kVp) and milliampere-seconds (mAs)
play a crucial role in determining image quality and patient radiation dose. Optimising these parameters is essential to achieve
diagnostic-quality images while minimising radiation exposure, in accordance with radiation protection principles.

Aim: To evaluate the effect of variation in kVp and mAs on image contrast and patient radiation dose in digital radiographic
imaging.

Methods: A prospective experimental study was conducted on 50 patients undergoing routine chest radiography. Radiographic
images were acquired using varying kVp levels (60, 70, and 80) at constant mAs, and varying mAs levels (5, 10, and 15) at
constant kVp. Image contrast was assessed using a standardised scoring system (1-10 scale), and patient radiation dose was
measured using a Dose Area Product (DAP) meter. Data were analysed using statistical methods, including ANOVA, with p <
0.05 as the significance threshold.

Results: An increase in kVp from 60 to 80 resulted in a decrease in image contrast from 8.5 £ 0.6 to 6.0 + 0.4, while radiation
dose decreased from 2.8 + 0.3 mGy to 1.9 = 0.2 mGy. Conversely, increasing mAs from 5 to 15 led to a significant increase in
radiation dose from 2.3 + 0.2 mGy to 6.8 + 0.4 mGy, with only minimal improvement in contrast (7.2 + 0.5 to 7.5 + 0.6). The
optimal exposure combination was identified as 70 kVp and 5 mAs, providing a balance between adequate image quality and
reduced radiation dose.

Conclusion: kVp and mAs significantly influence radiographic image quality and patient dose. Increasing kVp reduces contrast
but lowers radiation dose, while increasing mAs significantly increases dose with minimal effect on contrast. The study supports
the use of moderate kVp and low mAs techniques for optimal imaging, in alignment with the ALARA principle.
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INTRODUCTION

Radiographic imaging is one of the most widely used
diagnostic modalities in modern medicine, providing rapid,
non-invasive visualisation of internal anatomical structures.
The quality of a radiographic image and the radiation dose
delivered to the patient are primarily governed by exposure
parameters, particularly kilovoltage peak (kVp) and

milliampere-seconds (mAs). Understanding the interaction
between these parameters is essential for achieving optimal
image quality while ensuring patient safety.

kVp determines the energy and penetrating power of the X-
ray photons. Increasing kVp yields higher-energy photons
that can better penetrate tissues, thereby reducing
attenuation differences between structures. This leads to
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reduced image contrast, producing larger-scale (low-
contrast) images. Conversely, lower kVp increases
photoelectric interactions, enhancing subject contrast and
resulting in shorter-scale (high-contrast) images [1,2].
However, lower kVp also requires higher radiation output
to maintain image quality, potentially increasing patient
dose.

mAs, which is the product of tube current (mA) and
exposure time (s), controls the quantity of X-ray photons
produced. Unlike kVp, mAs does not significantly affect
image contrast but does directly affect image density and
noise levels. Increasing mAs improves image quality by
reducing quantum noise; however, it also increases the
patient's radiation dose by a corresponding amount [3].
Therefore, inappropriate selection of mAs can result in
unnecessary radiation exposure without substantial
improvement in diagnostic information.

The relationship between kVp, mAs, image contrast, and
radiation dose is complex and requires careful optimisation.
According to principles of radiographic physics, increasing
kVp while reducing mAs can maintain image receptor
exposure while significantly reducing patient dose—a
concept commonly referred to as the 15% rule [4]. This
principle states that a 15% increase in kVp results in a 50%
reduction in mAs while maintaining similar image
brightness, thereby reducing radiation exposure.
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Figure 1: Schematic Representation of X-ray Tube and
Exposure Parameters (kVp and mA) in Radiographic
Imaging

With the advancement of digital radiography systems, there
is increased flexibility in image processing and exposure
latitude. However, this has also led to the phenomenon of
“dose creep,” where excessive exposure parameters are
used because digital systems can compensate for
overexposure without visibly degrading image quality [5].
This highlights the importance of continuous monitoring
and optimisation of exposure parameters.

Radiation protection is a fundamental aspect of radiographic
practice, guided by the ALARA principle (As Low as
Reasonably Achievable), which emphasises minimising
patient exposure while achieving adequate diagnostic image
quality [6]. Improper selection of kVp and mAs not only
affects image contrast but also increases the risk of
radiation-induced biological effects.

Several studies have evaluated the impact of exposure
parameters on image quality and radiation dose. Previous
research has demonstrated that higher kVp techniques
reduce patient dose but may compromise image contrast,
whereas higher mAs improves image quality at the cost of
increased radiation exposure [7,8]. Despite these findings,
there remains a need for systematic evaluation of optimal
parameter combinations in clinical settings.

Therefore, the present study aims to investigate the effect of
kVp and mAs variation on image contrast and patient dose
in radiographic imaging, with the objective of identifying
optimal exposure conditions that balance diagnostic image
quality and radiation safety.

2. AIM AND OBJECTIVES

2.1 Aim: To evaluate the effect of variation in kVp
(kilovoltage peak) and mAs (milliampere-seconds) on
image contrast and patient radiation dose in radiographic
imaging, and to determine the optimal exposure parameters
that provide diagnostic image quality with minimum
radiation exposure.

2.2 Objectives

1. To study the effect of different kVp levels on image
contrast in radiographic images.

2. To evaluate the influence of mAs variation on
patient radiation dose.

3. Toanalyse the relationship between kVp, mAs, and
image quality parameters such as contrast and
noise.

4. To measure and compare radiation dose values
(mGy/DAP) at different exposure settings.

5. To identify the optimal combination of kVp and
mAs that ensures adequate image quality with
reduced patient dose.

6. To assess the results in accordance with the
ALARA (As Low as Reasonably Achievable)
principle for radiation protection.

3. MATERIALS AND METHODS
3.1 Study Design

This study was a prospective experimental study conducted
in the Department of Radiology at a tertiary care hospital.
The investigation was designed to evaluate the effect of
variation in exposure parameters (kVp and mAs) on image
contrast and patient radiation dose in routine radiographic
examinations.

A single-variable modification approach was adopted:

e In one set, kVp was varied while keeping mAs
constant

e In another set, mAs was varied while keeping kVp
constant

All procedures were performed under standardised
conditions to ensure reproducibility and accuracy.
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3.2 Study Population

A total of 50 patients referred for routine chest radiography
were included in the study.

Inclusion Criteria

e Patients aged 20—60 years

e Patients undergoing routine chest X-ray (PA view)

e Patients are able to maintain proper positioning and

breath-hold

Exclusion Criteria

e  Pregnant patients

e Critically ill or uncooperative patients

e Patients with

positioning

Demographic Details

severe deformities affecting

Bl 70 5
B2 70 10
B3 70 15

Parameter Value

Total Patients 50

Male 28

Female 22

Age Range 20-60 years
Mean Age 38 + 8 years

3.3 Equipment and Materials
The following equipment was used:

e Digital Radiography (DR) System with flat panel
detector

e  X-ray tube with adjustable kVp and mAs settings
e Control console for exposure parameter selection

e Dose Area Product (DAP) meter for radiation dose
measurement

e Image analysis workstation/software

e Standard positioning accessories (chest stand, lead
shielding)

3.4 Exposure Parameters

Radiographic exposures were performed using predefined
parameter groups:

Group A: kVp Variation (mAs constant at 5)

Group kVp mAsS
Al 60 5
A2 70 5
A3 80 5

Group B: mAs Variation (kVp constant at 70)
kVp mASs

Group

3.5 Radiographic Procedure

1. Patients were positioned in a standing PA
(posteroanterior) chest position

2. Proper alignment was ensured:
o  Chin elevated
o  Shoulders rolled forward
o  Full inspiration maintained

3. Source-to-image distance (SID) was kept constant
at 180 cm

4. Collimation was applied to the chest region to
reduce scatter

5. Lead shielding was used where appropriate

6. Images were acquired using selected kVp and mAs
combinations

All exposures were performed by trained radiographers to
maintain consistency.

3.6 Image Quality Assessment

Image contrast was evaluated using a semi-quantitative
scoring system (1-10 scale):

Score Description

1-3 Poor contrast

4-6 Moderate contrast
7-10 Good contrast

Evaluation was performed independently by two
experienced radiologists, and the average score was
recorded.

3.7 Radiation Dose Measurement

Patient radiation dose was measured using a Dose Area
Product (DAP) meter attached to the X-ray unit.

e Dose values were recorded in mGy (milligray)

e Each exposure setting was recorded immediately
after image acquisition

e  Mean dose values were calculated for each group

3.8 Parameters Studied
The following parameters were analyzed:
e Image Contrast (subjective scoring)

e Radiation Dose (mGy / DAP)

e Relationship between kVp, mAs, and image
quality
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3.9 Data Collection and Recording

e Data were recorded in structured data sheets

e Each patient was assigned a unique identification
number

e Exposure parameters, contrast scores, and dose
values were documented systematically

3.10 Statistical Analysis

e Data expressed as mean + standard deviation (SD)
e  Statistical analysis performed using SPSS software

e ANOVA (Analysis of Variance) used for
comparison between groups

e p<0.05 considered statistically significant

3.11 Ethical Considerations

e Study approved by the Institutional Ethics
Committee

e Informed consent obtained from all patients
e Radiation exposure kept within diagnostic limits
e ALARA principle strictly followed

4. RESULTS

4.1 Overview of Results

A total of 50 patients were included in this study and
evaluated under standardised radiographic conditions using
different combinations of exposure parameters. The
primary objective was to assess the effect of kVp and mAs
variation on image contrast and patient radiation dose.

All measurements were recorded systematically, and the
results are expressed as mean + standard deviation (SD).
The analysis focused on two major aspects:

1. The influence of kVp on image contrast and
radiation dose

2. The influence of mAs on image contrast and
radiation dose

4.2 Effect of kVp on Image Contrast and Patient Dose
Table 4.1: Effect of kVp Variation (mAs constant at 5)
kVp | mAs | Contrast Score (1-10) Dose (mGy)

60 5 8.5+£0.6 2.84+0.3
70 5 72+0.5 23+0.2
80 5 6.0=0.4 1.9+0.2

The results clearly demonstrate that variation in kVp
significantly affects both image contrast and radiation dose.

As the kVp increased from 60 to 80, the contrast score
decreased progressively from 8.5 = 0.6 to 6.0 = 0.4,
indicating a reduction in image contrast. This occurs
because higher kVp increases photon energy, resulting in

greater penetration and increased Compton scattering,
thereby reducing the attenuation difference between tissues.

Simultaneously, the radiation dose decreased from 2.8 £ 0.3
mGy to 1.9 + 0.2 mGy as kVp increased. This reduction in
dose can be attributed to improved beam penetration,
resulting in less radiation absorbed by the patient.

Graphically, if kVp is plotted on the X-axis and
contrast/dose on the Y-axis:

e The contrast curve shows a downward slope,
indicating decreasing contrast with increasing kVp

e The dose curve also shows a downward trend,
indicating reduced radiation exposure

Figure 4.1: Effect of kVp on Image Contrast (Mean + SD)
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Figure 4.2: Effect of kVp on Radiation Dose (Mean + SD)
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Figure 4.1: Effect of kVp variation on image contrast
showing a decrease in contrast with increasing kVp (mean
+ standard deviation).

Figure 4.2: Effect of kVp variation on patient radiation
dose, demonstrating reduced dose with increasing kVp
(mean + standard deviation).

Key Observation

e kVpisinversely proportional to image contrast
e kVpisinversely proportional to patient dose

4.3 Effect of mAs on Image Contrast and Patient Dose
Table 4.2: Effect of mAs Variation (kVp constant at 70)

kVp | mAs | Contrast Score (1-10) Dose (mGy)

70 5 72+0.5 23+0.2
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70 10 7.4+0.6 46+03
70 15 7.5+0.6 6.8+0.4

The variation in mAs showed a different pattern than that in
kVp.

As mAs increased from 5 to 15, the radiation dose increased
significantly from 2.3 + 0.2 mGy to 6.8 + 0.4 mGy,
indicating a direct proportional relationship between mAs
and dose. This is because mAs determines the number of X-
ray photons produced.

In contrast, image contrast increased only slightly from 7.2
+ 0.5 to 7.5 + 0.6, which was not statistically significant.
This indicates that mAs has minimal influence on image
contrast and primarily affects image brightness and noise
reduction.

Graphically:
e  The dose curve shows a steep upward linear trend
e The contrast curve remains nearly flat, indicating

negligible change

Figure 4.3: Effect of mAs on Image Contrast (Mean + SD)
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Figure 4.4: Effect of mAs on Radiation Dose (Mean * SD)
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Figure 4.3: Effect of mAs variation on image contrast
showing minimal change in contrast with increasing mAs
(mean + standard deviation).

Figure 4.4: Effect of mAs variation on patient radiation
dose, demonstrating a linear increase in dose with
increasing mAs (mean + standard deviation).

Key Observation

e mA:s is directly proportional to radiation dose
e mAs has minimal effect on image contrast

4.4 Combined Effect of kVp and mAs

Table 4.3: Comparative Summary

Parameter | Low High Low High
kVp kVp mAs (5) | mAs
(60) 80) 15
Contrast High Low Moderate | Slight
Increase
Dose High Low Low High

The combined analysis highlights the distinct roles of kVp
and mAs:

e Increasing kVp reduces both contrast and radiation
dose

e Increasing mAs significantly increases radiation
dose with minimal improvement in contrast

Graphically:

e The kVp curve shows decreasing trends for both
contrast and dose

e The mAs curve shows a sharp increase in dose
while contrast remains nearly constant

4.5 Optimal Exposure Condition
Table 4.4: Optimal Parameter Selection

Parameter Value
Optimal kVp 70
Optimal mAs 5
Contrast Score 7.2
Dose 2.3 mGy

The exposure setting of 70 kVp and 5 mAs provided the best
balance between image quality and radiation safety.

e The contrast score of 7.2 indicates adequate
diagnostic quality

e The dose of 2.3 mGy is comparatively low

e This combination minimises radiation exposure
while maintaining acceptable image contrast

4.6 Statistical Significance
Statistical analysis using ANOVA revealed that:

e Variation in kVp had a statistically significant
effect on both image contrast and radiation dose (p
<0.05)

e Variation in mAs had a statistically significant
effect on radiation dose (p < 0.05)
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e However, the effect of mAs on contrast was not
statistically significant (p > 0.05)

4.7 Summary of Results

e Increasing kVp leads to decreased contrast and
reduced radiation dose

e Increasing mAs results in a significant increase in
radiation dose with minimal impact on contrast

e The optimal exposure combination is moderate

kVp with low mAs
e The findings strongly support dose optimisation
and ALARA principles
5. DISCUSSION

The present study evaluated the influence of kVp and mAs
variation on image contrast and patient radiation dose in
digital radiographic imaging. The findings clearly
demonstrate that these exposure parameters have distinct
and significant effects on both image quality and radiation
safety, consistent with established principles of
radiographic physics.

5.1 Effect of kVp on Image Contrast

The results showed a progressive decrease in image contrast
with increasing kVp, which is consistent with fundamental
X-ray interaction mechanisms. At lower kVp (60 kVp), the
contrast score was highest due to increased photoelectric
absorption, which enhances the attenuation differences
between tissues. As kVp increased to 80 kVp, the contrast
decreased significantly, resulting in longer-scale (low-
contrast) images.

This phenomenon occurs because higher kVp increases the
proportion of Compton scattering, thereby reducing subject
contrast by increasing scattered radiation reaching the
detector and degrading image quality [1,2]. Similar findings
have been reported by Bushberg et al., who emphasised that
kVp is the primary factor controlling radiographic contrast
[1].

5.2 Effect of kVp on Radiation Dose

An important finding of this study is the inverse relationship
between kVp and patient radiation dose. As kVp increased
from 60 to 80, the measured dose decreased significantly.
This can be explained by the increased penetrating power of
high-energy photons, which reduces the amount of radiation
absorbed by the patient’s tissues.

This observation supports the high kVp-low mAs
technique, widely recommended in radiographic practice to
reduce patient dose without compromising image receptor
exposure [3]. The results are consistent with the 15% rule,
which states that a 15% increase in kVp results in a
reduction in mAs of approximately 50%, thereby
decreasing radiation exposure [4].

5.3 Effect of mAs on Radiation Dose

The study demonstrated a strong direct relationship between
mAs and radiation dose, with dose increasing nearly
linearly with mAs. This is expected because mAs

determines the total number of X-ray photons produced, and
therefore directly influences the amount of radiation
delivered to the patient.

The increase in dose from 2.3 mGy to 6.8 mGy with
increasing mAs underscores the importance of carefully
selecting mAs values. Previous studies have also confirmed
that mAs is the most significant factor affecting patient dose
in radiographic imaging [5].

5.4 Effect of mAs on Image Contrast

Unlike kVp, mAs showed minimal influence on image
contrast. The slight increase in contrast observed with
higher mAs was not statistically significant. This finding
aligns with established radiographic principles, which state
that mAs primarily affects image density and noise, rather
than contrast.

Higher mAs reduces quantum noise by increasing photon
quantity; however, beyond a certain threshold, further
increases do not significantly improve diagnostic quality
but contribute to unnecessary radiation exposure [6].

5.5 Optimisation of Exposure Parameters

The results indicate that an optimal balance between kVp
and mAs is essential for achieving high-quality diagnostic
images while minimising radiation dose. The combination
of 70 kVp and 5 mAs provided adequate image contrast
with a relatively low radiation dose.

This finding supports the ALARA principle (As Low As
Reasonably Achievable), which emphasises minimising
radiation exposure without compromising diagnostic
information [7]. The study also highlights the importance of
avoiding excessive mAs values, which significantly
increase dose without meaningful improvement in image
quality.

5.6 Clinical Implications

The findings of this study have important implications for
clinical radiographic practice:

e Radiographers should prefer higher kVp with
lower mAs to reduce patient dose

e Avoid unnecessary increases in mAs, especially in
digital systems

e Maintain optimal exposure parameters to prevent
dose creep in digital radiography

e Ensure continuous training and protocol
optimisation

With digital radiography systems offering wide exposure
latitude, there is a tendency to increase exposure
unnecessarily, even when image quality appears acceptable.
This reinforces the need for strict adherence to radiation
protection guidelines [8].

5.7 Comparison with Previous Studies

The results of this study are consistent with previous
research:
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e Bushberg et al. reported that kVp controls contrast
and penetration, while mAs controls photon
quantity [1]

e Huda and Slone demonstrated that increasing kVp
reduces dose but decreases contrast [5]

e  Willis emphasised that excessive mAs contributes
to increased radiation exposure without significant
benefit [6]

Thus, the present study validates established radiographic
physics concepts in a clinical setting.

6. CONCLUSION
This study systematically evaluated the influence of kVp
and mAs variation on image contrast and patient radiation
dose in digital radiographic imaging. The findings confirm
that these exposure parameters have distinct and predictable
effects on image quality and radiation safety, consistent
with fundamental principles of radiographic physics.

An increase in kVp was associated with reduced image
contrast due to increased beam penetration and Compton
scattering, while simultaneously resulting in a significant
decrease in patient radiation dose. In contrast, increasing
mAs resulted in a substantial increase in radiation dose with
only minimal improvement in image contrast, indicating
limited diagnostic benefit at higher mAs levels.

The study identified that an exposure combination of
moderate kVp (70 kVp) and low mAs (5 mAs) provides the
most favourable balance between adequate diagnostic
image quality and minimised radiation exposure. This
supports the application of the high kVp-low mAs
technique, which is widely recommended for dose
optimisation in radiographic practice.

These results reinforce the importance of adhering to the
ALARA (As Low As Reasonably Achievable) principle,
emphasising that radiation exposure should be minimised
without compromising diagnostic efficacy. The study also
highlights the need for careful parameter selection in digital
radiography to prevent unnecessary radiation exposure
associated with dose creep.

In conclusion, optimisation of exposure parameters is
essential for improving patient safety, image quality, and
clinical efficiency. The findings of this study provide
practical guidance for radiographers and clinicians on
selecting appropriate kVp and mAs values, thereby
contributing to safer, more effective radiographic imaging
practices.
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