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ABSTRACT 

The effect of the Film-Focal Distance (FFD) technique on the optical density of 

the parts of anatomical interest and the organs within the thoracic cage was 

determined to identify a quality radiograph that is required by the Radiologists to 

accurately interpret and conclude the diagnosis from Chest X-ray (CXR) films. A 

PHILIPS MCD-105 mobile portable X-ray machine with a maximum voltage of 

105 kVp was used in this study. AGFA X-ray films were used to obtain all the 

chest radiographs. A perspex phantom was constructed to house the rib cage of a 

human adult obtained from the anatomy laboratory. The whole phantom 

arrangement was to simulate the chest part of an adult human. The phantom was 

exposed five times, maintaining a constant voltage of 70 kV and a tube load of 10 

mAs, by varying the FFDs at 110, 120, 130, 140, and 150 cm. A RaySafe Thin-X 

RAD dosemeter was used to determine the doses delivered to the Phantom. An X-

Rite 331 transmission densitometer was used to determine the optical densities of 

the required areas. It was noted that both the FFDs and optical densities of the 

recorded areas have an inverse relationship, confirming that FFD has a significant 

effect on the quality of any X-ray film in chest X-ray examinations. Even though 

the radiograph at FFD 150 cm had the best contrast of them all due to low 

exposure, the radiograph at FFD 140 cm was found to give the optimum image 

quality of the parts of anatomical interest and the positions of the organs enclosed 

in the rib cage, with a dose even lower than the internationally accepted maximum 

value. 

 

INTRODUCTION 

Recent studies indicate both radiologists and patients are 

becoming increasingly concerned about the excessively 

high radiation levels being administered during normal 

X-ray exams. This implies that after a justified 

assessment, the imaging technique needs to be enhanced 

by making sure the radiation dosage is as low as 

reasonably attainable (ALARA) and compatible with an 

image of excellent diagnostic quality. Nonetheless, doing 

so would achieve the therapeutic objective of the 

evaluation with the least degree of patient risk (Brennan 

et al., 2004)(Seth et al., 2022). As digital systems 

advance, it may be possible to reduce radiation exposure 

while improving image quality; still, this will require 

adjusting technological aspects to produce high-quality 

X-ray images. According to the "as low as reasonably 

achievable" (ALARA) principle, the challenge is to 

identify the right settings to minimize the patient's 

effective dose while still providing a high-quality image 

to provide the best possible diagnosis (Vano et al., 

2007)(Peters & Brennan, 2002). 

The risks of ionising radiation have long been known, as 

have the levels and hazards connected to high doses (trial 

use and nuclear explosions). In diagnostic radiology, the 

risks from the far lower levels have been harder to 

evaluate. The adoption of all known techniques to reduce 

the dose as much as possible without compromising the 

quality of the radiographs is necessary because there is 

no safe exposure level beyond which harmful effects stop 

occurring (Seth et al., 2022). 

Radiographic density or optical density is reflected by 

radiographic image darkness. It is known as "transmitted 
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density" in traditional film radiography, as it measures 

the light transmitted through the film. It refers to how far 

the image's overall histogram is moved towards the lower 

grey levels in digital imaging (White & Pharoah, 2013). 

Some factors that affect the radiographic or optical 

density of conventional film and digital receptor or plate 

are changes in mA and in exposure time, changes in kVp, 

changes in source-to-object distance and thickness of the 

absorber (Bushberg & Boone, 2011)(Bushberg et al., 

1994)(Curry et al., 1990)(Miles, 2009)(Walter, 2010). 

Many Radiology departments perform chest X-ray 

(CXR) examinations regularly to diagnose diseases and 

injuries (Veldkamp et al., 2009)(Venema et al., 2005). 

Chest Radiography, although one of the most important 

procedures for detecting various illnesses, accounts for 

30 to 40% of all radiographs performed. As a result, 

improving image quality and reducing radiation dosage 

are major study areas (Valentin, 2004)(Schaefer-Prokop 

et al., 2008)(Daffner & Hartman, 2013).  

Chest X-ray (CXR) has become an important aspect of 

routine medical examination in many nations throughout 

the world, whether for admitting students to higher 

education institutions, staff appointments, or regular 

medical checkups of individuals for health fitness(Idris 

& Abdul Manaf, 2012). In the detection of neonatal lung 

disorders such as rib cage pain (rib cage fracture), Acute 

heart failure, Pneumonia, and COVID-19 virus, chest X-

ray (CXR) has recently been seen as a significant imaging 

modality alongside lung ultrasound (Liu et al., 

2021)(Khan et al., 2012)(Nakao et al., 2021)(Jain et al., 

2020)(Mousavi et al., 2022) 

This research work prioritised the diagnosis of cases that 

concern organs enclosed in the thoracic cage and the parts 

of anatomical interest due to their significance in the 

human body. To provide a quality chest X-ray film to 

help physicians in the diagnosis of the diseases of those 

organs through finding a radiograph of the FFD that will 

give the optimum image quality in terms of the 

radiographic density of those organs within the thoracic 

cage and the parts of anatomical interest with a minimum 

dose. The work was done in the Radiology department of 

Skane Radio Diagnostic Centre/Hospital Nig. Ltd., Jos, 

Plateau State, Nigeria, contributing to the health of all 

patients coming to the department for chest X-ray 

examination and helping globally, especially those using 

their type of X-ray machine 

 

MATERIALS AND METHODS  

Preparation of the Phantom 

A rectangular Perspex phantom was constructed with 

dimensions 29 cm x 20 cm x 56 cm in length, width, and 

height, respectively. The whole arrangements were made 

to simulate the chest part of an adult human. The ribcage 

was fixed in position in the phantom and made stable to 

avoid floating because the phantom was filled with water 

to cover the bones completely, which simulates human 

tissue. The specimen (rib cage) used was an adult human 

rib cage that was carefully selected from the Anatomy 

Department, Faculty of Medicine, University of Jos, 

Plateau State, Nigeria.  It was selected out of the 

specimens used in teaching Medical Students. An MCD-

105 Model mobile portable X-ray machine with the 

highest kVp of 105 kVp was used in irradiating the 

phantom. The machine is from the Radiology 

Department of Skane Radiodiagnostic Centre/Hospital, 

Jos, Plateau State, Nigeria. The manufacturer of the 

machine is Philips Manufacturing Company, Japan. The 

machine number is 8814771. The films were AGFA films 

manufactured by a Belgian company, having dimensions 

of 14x14 cm and 17x14 cm. The exposed films were 

manually processed and dried using natural sunlight. A 

RaySafe ThinX dosemeter was used to measure the 

doses. It is an easy tool for fast results and has been 

optimised to meet the need for a basic multi-parameter 

instrument for simultaneous measurement of dose, dose 

rate, kVp, HVL, exposure time and pulses. All 

parameters were conveniently displayed on the large 

LCD. 

Characterization. The experimental setup for the analysis 

is presented in Figure 1, while Figure 2 presents the 

photographs of the radiographs. 
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Figure 1: The experimental set-up 

 

 
Figure 2: Photographs of the radiographs 

 

Measurement of the Entrance Skin Dose 

The absorbed dose was measured using a RaySafe ThinX 

dosemeter presented in Figure 3, which was placed at the 

centre point on the entrance surface corresponding with 

the central ray on the phantom and exposed to X-rays 

with a constant setting of 70 kVp and 10 mAs. The FFD 

was set at 110, 120, 130,140 and 150 cm for subsequent 

measurements. 

 

 
Figure 3: RaySafe ThinX Dosemeter 
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Determining the Optical Density of the Radiographs 

Figure 4 presents an X-rite 331 transmission 

densitometer, which was used to measure the optical 

density of the radiographs. Even though the X-rite 331 

transmission densitometer is portable and compact, it has 

the same accuracy and repeatability as larger countertop 

units, measuring densities up to 4.0D and is easy to use. 

The built-in light table eliminates the need for an external 

light source and easily accommodates film up to eleven 

inches wide. The optical density measurement was done 

at the parts of anatomical interest and the positions of 

those organs within the thoracic cage. 

 

 
Figure 4: X-Rite 331 Portable Transmission Densitometer 

 

Parts of Anatomical Interest 

The optical density for the spaces between the ribs was 

measured between the 5th and 6th ribs. For the vertebral 

bodies, it was measured at T12 (thoracic vertebra number 

12), which is the last thoracic vertebra. For the lung 

field’s position, the optical density was measured 

between the 3rd and 4th ribs. 

 

Organs within the Thoracic Cage 

For the Heart position on the radiographs, the optical 

density was measured between the 5th and 6th ribs. For the 

liver, the optical density was measured between the 7th 

and 8th ribs. For the spleen, the measurement was taken 

between the 9th and the 10th ribs. Finally, for the kidneys, 

the optical density was measured between the 11th and the 

12th ribs. 

 

Image Quality Assessment 

The image quality assessment was based on the European 

Guideline on Diagnostic Image Quality Criteria for 

Analytical Criteria (CEC guidelines, 1996). Two 

Consultant Radiologists and one Radiographer from the 

Department of Radiology, Jos University Teaching 

Hospital (JUTH), Jos, Nigeria, Bingham University 

Teaching Hospital (BUTH), Jos, Nigeria, and University 

of Jos Health Centre, respectively, scored the anatomical 

criteria. Visually sharp reproduction of the spaces 

between the ribs (intercostal space), spinal column, 

pedicles, vertebral bodies (joints), and lung fields was 

used as a criterion. 

A radiograph demonstrating perfect visualisation was 

used as a reference image. All images were examined 

using a constant illuminator and ambient light conditions 

throughout the study, time and observer; film distance 

was unrestricted, and all images were assessed blindly 

(Pengpan et al., 2022). 

 

Calculation of the Doses Absorbed by the Thoracic 

Cage 

The absorbed dose was simply obtained through the 

absorbed dose definition (Fragoso-Negrín et al., 2025). 

Absorbed dose = input dose – output dose 

(i.e., differences between the input and output dose) 

Ad = Id – Od 

Where 

Ad = Absorbed dose 

Id = Input dose 

Od = Output dose 

 

RESULTS AND DISCUSSION 

Assessment of the Three Radiologists 

The radiographs at FFD 110, 120, and 130 cm were 

darker, according to the assessment of the three 

radiologists, and this was due to very high exposures, 

which translated to a lot of penetration of the rib cage 

images. Because of the limited exposure, the radiograph 

at FFD 150 cm displayed the best contrast. Experts, on 

the other hand, believe that the radiograph taken at FFD 

140 cm produced the best image quality. This indicated 

that the film's quality was excellent (low optical density), 

indicating that all the bones of anatomical relevance were 
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visible and present, and the areas to locate the organs 

enclosed in the rib cage were also visible (Seth et al., 

2022). 

Table 1 shows the dependency of the optical density of 

the radiographs on the film-focus distance (FFD). The 

results indicated that the highest optical density values 

(radiographs with much exposure) were obtained at FFD 

110 cm, which is the least of the FFDs and decreased with 

an increase in distance, with the lowest optical density 

value obtained at FFD 150 cm. That means that more 

doses were absorbed by these X-ray films at short 

distances than at long distances (Seth et al., 2022). 

 

Table 1: Effects of Film-Focus (FFD) Distance on the Optical Density of the Parts of Anatomical Interest 

FFD (cm) Optical Density (D) of the Parts of Anatomical Interest 

Spaces b/w the ribs Spinal column Pedicles Vertebral bodies Lung fields 

110 2.41 2.18 2.35 2.14 2.41 

120 2.28 1.81 2.11 1.77 2.25 

130 2.11 1.66 1.79 1.64 2.10 

140 1.64 1.08 1.24 1.07 1.62 

150 1.17 0.67 0.70 0.58 1.20 

 

Table 2 shows the relationship between the total patient-

absorbed dose, Film-Focal Distance (FFD) and the 

optical densities of the organs within the thoracic cavity. 

The result showed that higher absorbed doses translate to 

a higher optical density at short distances and lower 

absorbed doses translate to a lower optical density at long 

distances. 

 

Table 2: The Relationship between Film-Focus (FFD) Distance, Absorbed Dose, and the Optical Densities of 

Organs in the Thoracic Cavity 

FFD (cm)  Absorbed Dose (mGy) Optical Density (D) of the Organs in the Thoracic Cavity 

Heart  Liver  Spleen  Kidney  

110 0.335 2.42 2.38 2.37 2.38 

120 0.283 2.24 2.27 2.23 2.19 

130 0.270 2.03 2.07 1.98 1.89 

140 0.238 1.59 1.58 1.47 1.40 

150 0.222 1.17 1.09 1.00 0.78 

 

 
Figure 5: Relationship Between the Optical Density of The Parts of 

Anatomical Interest and Film-Focus Distance (FFD) 
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Figure 6a: Relationship Between the Optical Density 

of Organs Within the Thoracic Cavity and Film-Focus 

Distance (FFD) 

Figure 6b: Relationship Between the Optical Density of 

Organs Within the Thoracic Cavity and Absorbed Dose 

 

Figure 5, which represents the results in Table 1, presents 

a relationship between the optical density of the parts of 

anatomical interest and film-focus distance (FFD). the 

bar chart clearly shows an inverse relationship, the 

optical density of the parts of anatomical interests all 

decreasing with an increase in the film-focus distance 

(FFD) which means that the change in the film-focus 

distance (FFD) greatly affects the optical density values 

of the parts of anatomical interest which are always 

important parts for the physicians to examine in any issue 

with the thoracic cage such as accident and the rest. 

Physicians focus their interest on them in any diagnosis. 

This means that distance significantly affects the dose 

delivered to anyone on X-ray examination (Ladygin et 

al., 2022). 

Table 2 and Figure 6 (a) show the relationship between 

film-focus distance (FFD) and the optical density of the 

organs within the thoracic cavity. The relationship is also 

an inverse relationship, which shows a decrease in the 

optical densities of the organs within the thoracic cage 

with an increase in film-focus distance (FFD) (Estevan et 

al., 2010). The optical density of these parts is also very 

significant for physicians in diagnosis because most of 

the diseases of these organs are deadly. Diseases such as 

neonatal lung disorders, acute heart failure, Pneumonia, 

and COVID-19 virus. Therefore, the clarity of the 

radiographs to visualise these organs means a lot to 

physicians. 

Table 2 also shows the relationship between film-focus 

distance (FFD) and absorbed dose. The doses received by 

these organs also matter a lot to the well-being of an 

individual. The doses received are not supposed to 

exceed the permissible dose as recommended by the 

radiation protection bodies. From Table 2 and Figure 6 

(b), the absorbed doses decreased with a decrease in the 

optical density values of the organs within the thoracic 

cage, which is a direct relationship. This shows that 

distance has a tremendous effect on the doses delivered 

to anyone on X-ray examination, which has its proof in 

the radiation protection principles such as time, distance 

and shielding (GIMBA et al., 2021)(Yosua et al., 2024). 

Just as the heat from a fire reduces as you move further 

away, the dose of radiation decreases dramatically as you 

increase your distance from the source.  

The absorbed dose of the best radiograph (FFD 140 cm), 

which is 0.238 mGy, was compared with the standard 

value (0.300 mGy) given by the radiation management 

bodies (UNSCEAR, 2000)(Annex & Radiation, 

2000)(ICRP, 1991)(Occupational & Procedures, 1996). 

It was found that the absorbed dose of FFD 140 cm was 

lower than the standard value, which confirms the 

validity of the result in this study. 

 

CONCLUSION  

The study reveals that the radiographs of FFD 110, 120, 

and 130 cm appeared darker, meaning they have high 

optical density, and this was because of very high 

exposures, which translated to many doses on the 

thoracic cage. While the radiograph at FFD 150 cm had 

the best contrast, this is due to low exposure. However, 

the best radiograph according to them (experts) is that of 

FFD 140 cm, which showed clearly all the bones of 

anatomical interest and the locations of the organs within 

the thoracic cage. The absorbed dose of FFD 140 cm is 

0.238 mGy, which is lower than the standard value (0.300 

mGy) given by the global radiation management bodies. 

This shows that the result is valid since the absorbed dose 

for the FFD 140 cm is lower than the standard value.  This 

means that lesser doses will be delivered to patients with 

good image quality if 140 cm FFD is maintained, the 

voltage to 70 kVp, and the tube load to 10 mAs.  
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