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Abstract 

The major problem faced in the x-ray department with regard to x-ray films is the non 

consistent image quality of x-ray films leading to lesions missed/ wrong diagnosis and as a result 

retakes of the examination and increased radiation dosage to the patient. 

It was recentlyf in the year2001) brought to the notice of Directorate General of Stores 

and Disposal (DGS&D), that the quality of image in radiology departments were far from 

satisfactory resulting in retakes of examinations leading to higher dose to patient. Recently a 

retake analysis and inspection of radiographs taken in a few major hospitals have shown that 

image quality is far from satisfactory. Among the most important causes of reject films, 

inadequate setting of physical parameters, which led to too dark or too light films and 

processing malfunction were more predominant. 

Since medical diagnostic x-ray examinations represent the main source of exposure to 

population and medical exposure with no useful diagnostic information is not justified 

Regulations already exist in many developed countries like U.S and European countries for 

controlling medical exposure by strict quality control of imaging devices and by effective quality 

assurance programme. It was at the behest of Bureau of Indian Standard (BIS) and DGS&D that 

the laboratory for testing offilms set up in India at RP&AD, BARC. 

The use of medical x-ray films for diagnostic imaging in India is to the tune of about 90, 

00000 square meters per annum and will go certainly high as the number of diagnostic x-ray 

units are increasing each year rapidly. Till late 1980's 85% of medical x-ray films used in India 

were supplied by Hindustan Photo Films (HPF) Ltd., Ooty, the only integrated manufacturer of 

photosensitized goods with complete testing facilities in India. Presently, about 80% of the films 

used in India are imported, majority of which is in the form of jumbo rolls which are slit into 

various sizes in small converter plants, packed and distributed in the country. The jumbo rolls 

imported in air conditioned containers have a transit time ranging from 6 to 10 months before 

reaching the customers. This time delay causes increase in basic fog. Further artifact can occur 

in film during handling and due to environmental conditions like temperature and humidity at 

the converters plant. The effect of basic fog, which is an important parameter for obtaining the 

clinically useful image quality, has been addressed in this report. 



This report illustrates the methodology adopted by this Division towards implementation 

of quality assurance of the basic imaging devices namely the medical x-ray films. The 

characteristic properties desirable in x-ray films are the qualitative response of the emulsion to 

standard set of exposure and processing conditions in terms of speed, contrast and density. It 

should be consistent for exposure conditions in a custom built equipment simulating the quantum 

and type of energy that would be received by the film during diagnostic examinations. The 

phantom, geometrical set up and beam quality specifications as per the ISO standards required 

for x-ray sensitometry have been described in this report. 

A comparison of light sensitometry and x-ray sensitometry indicated that the x-ray 

sensitometric results are more user oriented. However, light sensitometer can be used for 

processor quality control and for a quick check for wide changes, if any, in the characteristics of 

films from batch to batch. 

Presently, the film samples from all suppliers in India are being tested at our Division 

and the film is recommended for use in medical radiography if the characteristic of the film 

conforms to the limits stipulated by BIS national standard 
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1. Introduction 

The major problem faced in the x-ray department with regard to x-ray films is the non 

consistent image quality of x-ray films leading to lesions missed OR wrong diagnosis and as a 

result retakes of the examination and increased radiation dosage to the patient. A recent retake 

and reject film analysis at few hospitals in Mumbai has shown that majoi problems for poor 

image quality was associated with film processing (1). Among the most important causes of 

reject films, inadequate setting of physical parameters, which led, to too dark or too light films 

and processing malfunction were more predominant. 

Since medical diagnostic x-ray examinations represent the main source of exposure to 

population it is recognized that there is need for reduction in population dose by strict quality 

assurance programme in diagnostic radiology (2). Film being widely used as the final image 

recording system in diagnostic radiology and as it plays a vital role in the quality of image and 

patient dose it is imperative to have a national standard established for such a an important 

product. 

Bureau of Indian Standard (BIS) has recognized Radiological Physics and Advisory 

Division (RPAD), BARC as the national laboratory, in the country to standardize quality of 

medical x-ray films and as a part of this project RPAD, BARC has provided technical support to 

set up the national standards on medical x-ray films (3,4). The setting up of national standards 

includes 

1. Fabrication of a International Standard Organization (ISO) specified test phantom for x-ray 

sensitometry 

2. Fabrication of associated structures required for a standard geometric set up. 

3. Processor quality control required for processing of exposed film. 

4. Determination of exposure to film under the standard conditions. 

The characteristic properties desirable in x-ray films are the qualitative response of the 

emulsion to standard set of exposure and processing conditions in terms of speed, contrast and 

density. It should be consistent for exposure conditions in a custom built equipment simulating 

the quantum and type of energy that would be received by the film during diagnostic 

examinations. 
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2. Status of medical x-ray film supply in India 

Medical x-ray film manufacturing technology is a closely guarded preserve of a few 

manufactures of developed countries in the world.. Till late 1980's 85% of medical x-ray films 

used in India were supplied by Hindustan Photo Films (HPF), Ooty, the only manufacturers of 

medical x-ray films in the country. Presently, majority of the film used in India is imported. 

There are two categories of importers: 

The first category is bulk importers/traders, who import finished goods in compact 

packets, ready to use in an x-ray department. Emulsion coating, slitting and packaging of these 

films are done at the manufacturing company under controlled environmental conditions with 

strict quality control. These ready to use imported film packets confirm to the standards of the 

country of its origin. The time lapsed between coating of emulsion and supply to customers will 

be minimum and so also the increase in fog before the film is used for imaging. 

The second category of importers is converters of semi finished medical x-ray films called 

jumbo rolls, which constitute about 80% of the total import. The jumbo rolls are slit and packed 

in converters' plants set up in the country. There is a time delay ranging from 8-12 months 

before the films reach the customers. The environmental conditions like temperature, humidity 

and atmospheric pollution affecting the film quality, especially the basic fog, are different for the 

different slitting plants from the place of emulsion coating. The level of quality control followed 

by various slitting and packaging units are also of different standards. This situation makes it 

necessary to set up a national standard for the films used in the country. 

3. Necessity for national standard 

With the introduction of automatic processors where the films are processed at high 

temperatures and short processing times (90sec) , the emulsion / processor chemistiy have 

changed considerably and strict control of combination and concentration of chemicals of 

developer and fixer solutions is necessary for obtaining the anticipated film density and contrast. 

The high cost of silver, urged the manufacturers to reduce the silver content of the film and 

increase the sensitivity by increasing the Sulphur content of emulsion (S, 6). This step has 

changed the characteristics of the film like rapid basic fog (base+fog), apparent increase in 

gradient etc. As a result there were considerable decrease in image quality and high retake rates. 
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An inspection of many film packets of different manufacturers has shown that speed, 

spectral sensitivity, suitable screen combination or suitable developing and fixing chemicals, 

developing time and temperature, proper dark room safe light etc. are not indicated on the 

packets. The lack of this information leads to improper choice of the film -screen - processor 

chemistry combination leading to a poor quality radiograph which is either rejected or reported 

as "normal". 

Large number of retakes also leads to increased tube load (causing decrease of tube life) and 

increased workload for the radiographers (7, 8). Based on the above considerations it is obvious 

that some uniform standard should be followed with respect to the quality of film, its packing 

specifications and recommendations for storage and use. It is also necessary to install a system 

of continuous monitoring of the standard. 

4. Quality control of film at Manufacturer's/ slitting and packing plants 

If the time and place vary for slitting and packing of film from that of emulsion coating 

strict quality control procedures should be adopted for transportation and storage of jumbo rolls, 

handling during slitting and packing and storage of final packed films. A quality control 

laboratory having certain minimum test equipments should be available at converters plant. 

These includes equipments required for processor quality control like light sensitometer, 

densitometer, pH-meter, digital thermometer, hygrometer and specific gravity meter. The films 

need to be stored under controlled temperature and relative humidity. 

The plants of all converters including the indigenous manufacturer in the country were 

inspected to assess their status of quality control. The proforma used to record the findings 

during this inspection is given in the Annex II. More stress is given to the factors like 

environmental conditions, which affect the basic fog of the film. A summary of observations 

regarding the quality control facilities available at the manufacturers/ slitters plant is given below 
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Table 1 QC facilities of film manufacturers/slitting units 

Name of 
Manrfactures QA Lab. 

Available 

Sensitometer 

Yes, Du pont 

Densitometer 

YES,Dupont 

Kodak 

Not available 

Macbeth 

Macbeth 

Processor QA 

Not Done 

Not done 

Not done 

Done 

Not done 

HPF 

Kodak 
India Ltd 

Agfa India 
Ltd 

Computer 
Graphics 

Jindal Photo 
Film 

Available Kodak 

Not available Not available 

Available 

Available 

Exite 

Exite 

5. Processor quality control at Radiology Departments 

The processors and processing conditions at 30 radiology departments were inspected and it 

was observed that Processor related problems were responsible for low-density films in most of 

the cases. This resulted in rapid decrease in concentration of the developer solution, as the 

replenishment rate was very poor. In many caises it was observed that the same exhausted 

solution was sent back to the machine as replenishment. Cleanliness of the film handling tables 

and drying area was far from satisfactory. 

The temperature control system of processors was not working in many cases. This resulted 

in under development of films. Numbers of facilities were having processor quality control 

equipments like sensitometer, densitometer, pH-meter, hygrometer, digital thermometer and 

hydrometer. Daily processor quality control was not done in any of the facilities visited. 

Processors used and processing conditions obtained in a few facilities are shown in table 2. 
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Table 2 Processors and processing conditions across 30 radiology departments 

Processor Nos. 

covered 

Temp 

control 

Inside/ 

Outside 

Temp. 

Set / Meas. 

Range of pH measured Processor Nos. 

covered 

Temp 

control 

Inside/ 

Outside 

Temp. 

Set / Meas. 

Developer Fixer Water 

Promax 4 Outside 32°C/33°C 9.4 -10.6 4.6 -5.2 7.0 -8.2 

Konica 

SRX-101A 

1 Outside 30°C / 33°C 9.8 4.5 7.5 

Kodak 

M 35 XO-

Mat 

12 Inside 30°C 9.4 -10.4 4.4 -5.0 7.0 -8.2 

Protec 

Optimax 

1 Outside 33°C/32.5°C 9.6 4.8 7.6 

Velopex 

ExtraX 

1 Inside 32.5°C 10.4 5.0 7.4 

Ecomax 2 Outside 30°C/30.5°C 9.8-10.2 4.2-5.1 7.0 -7.8 

Manual 9 28.1°C 9.2 -10.9 4.5 -5.5 7.0 -8.2 

We- have used a Victoreen, model 07-417, dual colour electronic sensitometer and an Optel 

Trans-4 (Indian) B/W transmission densitometer for processor quality assessment. A digital 

thermometer having 0.1 °C resolution and ± 0. 2°C accuracy was used to measure the temperature 

of developer and fixer solutions. A pH meter was used to verify the pH of developer and fixer 

solutions. In many cases the set temperature on the processor and the actual temperature of 

developer and fixer solutions varied by more than 4°C. Some of the processors did not have 

mechanism to adjust the temperature externally. This resulted in large variation in optical density 

especially where replenishment rate was improper. The various tools used for processing quality 

control are shown in fig. 1. 
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Fig. 1.0 Processor quality control kit 

6. Investigation of viewing conditions at radiology departments 

A survey of few radiology facilities was conducted to study the quality of the view boxes and 

the viewing conditions. We have used a digital luminance meter (Model TES-1332) for 

measuring the view box luminance and the room illumination. It has a measuring range from 0.1 

lux to 200,000 lux. It is calibrated to standard incandescent lamp and its accuracy is ± 3%. The 

photodetector is a silicon photodiode with filters. 

The ambient illumination of room was measured by placing the meter in such a way that its 

detector was parallel to and facing away from the view box surface with the detector in contact 

with the view box surface with view box lights turned OFF, and view box illumination was 

measured by placing the luminance meter with its detector parallel to and facing the view box 

surface with view box lights turned ON. In most of the facilities view box luminance ranged 

between 1500 to 3500 candela/m2. The ambient illumination in the room was ranging between 

65 to 300 lux. In most of the x-ray departments surveyed, all view boxes were 'ON' 

simultaneously and hence general luminance level was more than 300 lux. Several view boxes 

were having yellow incandescent lamps. A blue tinge film when viewed on such view boxes 

contrast is very poor. White light is the best for viewing blue tinted films. 
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7. Basic fog of medical x-ray films and its significance 

The optical density of an unexposed film after developing is referred to as basic fog or 

base+fog and the density due to the supporting base alone is called base density or base fog. The 

base density can be obtained by fixation alone. In order to get the true base fog as well as basic 

fog, developing, fixing and washing should be done under standard conditions. This is because 

fog may also be caused by over processing of radiographic films, especially in chemicals at an 

excessive high temperature or due to the deposition of fixer on films due to improper washing. 

The other factors responsible for excess fog include unfavorable environmental conditions such 

as excess temperature, high relative humidity, exposure to chemical fumes or to electromagnetic 

radiation etc. and exposure to improper dark room "safe light" or light leakage in the dark room. 

If the temperature of the developer solution is too high or dip-time in developer is more than the 

specified the fog increases because of the shifting of selectivity. 

In order to study die effect of varying developing time and temperature, basic fog 

experiments were conducted by manual processing using Kodak ready pack processing 

chemicals. Change in characteristics with change in developing time and developing temperature 

are shown in fig. 2. & 3.In both automatic as well as manual processing the temperature was 

monitored by a bimetallic thermocouple thermometer having an accuracy of ±0.10 °C. 

i 
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7.1 Effect of basic fog on image quality and patient ddse 

Internationally accepted basic fog is a maximum of 0.20 O.D (6, 7, 8). In USA it is 

recommended that films having basic fog of more than 0.18 should be removed from shelf of the 

x-ray department (6). Because of the non-linear nature of the characteristic curve of 

radiographic film if it is fogged before exposure it is more sensitive to the regular exposure. Each 

grain of silver halide in the film must be hits with several photons before it becomes 

developable. If a few hit occur during a fog exposure then it will take fewer hits to make the 

grain developable and, the film is more sensitive. Thus fog will affect the image quality of the 

radiograph before the fog is visually noticeable on the unexposed portion of the film. There is an 

apparent increase in the sensitivity and an overall decrease in the contrast. This decrease in 

contrast is often compensated by decrease in kVp, which in fact, leads to an increase in mAs 

hence higher dose to the patient (9). 

8. Sensitometric studies 

Sensitometry as a photographic science has been credited to two scientists, Hurler and 

Driffield, who first proposed a method of evaluation of the performance of photographic material 

in the late 19th century. Sensitometric curve shape is purely depending on film. The essential 

characteristics like basic fog, maximum density, speed and the gradient, which decide the basic 

imaging properties of the film, can be evaluated from the sensitometric curve. 

For the determination of sensitometry curve shape, the blue/ green sensitive film could 

be exposed to blue/green light emission of varying intensities either by using a light 

sensitometer OR by x-ray sensitometry. A comparison of light sensitometry and x-ray 

sensitometry is done and it is concluded that the x-ray sensitometric results are more user 

oriented (10). Sensitometric curves plotted using light sensitometry, and x-ray sensitometry for a 

film are reported to be coinciding (10). 

8.1 Light sensitometry 

A light sensitometer ,with single flash and incorporated with blue and green emitting 

light sources and a optical step wedge was used for processor quality control and for a quick 

check for wide changes, if any, in the characteristics of films from batch to batch. We have 

demonstrated that the use of single flash light sensitometer with exposure from both sides of the 

film can substitute a double flash light sensitometer, if later one is not available. The film strips 

were exposed using the step wedge in the light sensitometer and processed in the normal 
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processing conditions. The optical density of the processed and dried film was measured by a 

standard diffuse transmission densitometer with influx spectra matching the specifications of 

ISO-5-3 visual density measurement (11, 12) and having accuracy of AD= ± 0.01. The 

processed film after exposure in a light sensitometer is shown in the following fig. 4. 

Fig. 4.0 A filmstrip exposed for light sensiotometry 
8.2 X-ray sensitometry 

All general-purpose medical x-ray films used in India were evaluated using the x-ray 

sensitometry. The essential characteristics of medical x-ray films like basic fog. maximum 

density, speed, average gradient, latitude at low and high contrast regions were evaluated under 

clinical conditions of use for chest radiography from the sensitometric curve obtained by x-ray 

sensitometry the details of which are discussed in this report (13). The blue/green sensitive films 

are loaded in cassettes with suitable blue/green emitting intensifying screens and exposed to 

diagnostic x-rays of varying intensities. There are a number of methods of producing the 

characteristic curve, each with its own advantages and disadvantages as given below: 
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8.2.1 Time scale x-ray sensitometry 

In this method the kV. mA and distance are kept constant and the time of the exposure is 

varied, always by a factor of 2. 

8.2.2 Intensify scale x-ray sensitometry 

This could be carried out using the same procedure as time scale sensitometry except that 

the kV and distance would be constant but the mA values would be altered (i.e. constant time, 

varying mA). 

9. Facilities established at RPAD, BARC for testing and certification of medical x-ray films 

Medical imaging lab with minimum facilities, established at RPAD, BARC for testing 

and certification of medical x-ray films is shown in fig. 5. 

Fig. 5.0 Medical imaging lab at CT&CRS 

9.1 Facilities required at the medical imaging lab 

• X-ray unit general-purpose diagnostic type unit with a high frequency generator 

• X-ray monitoring instrument- consisting of a monitoring chamber and an electrometer 

• X-ray measuring instrument- consisting of a measuring chamber and an electrometer 

11 



• Film holder (cassette) -The front of the cassette shall be constructed of low atomic 

number plastic (preferably carbon fibre) and shall not absorb more than 2 % of the 

incident radiation. It shall be backed by 0.25 mm thick lead sheet. It should ensure 

perfect screen film contact and no light leakage. 

• Intensifying Screen- A calcium tungstate screen (CaWC>4) of suitable speed class for 

blue sensitive film and a rare earth screen (Gd2C>2S: Tb) of suitable speed class for green 

sensitive films. 

• Densitometer- A standard diffuse transmission densitometer with white light source 

having accuracy of AD= ± 0.01. 

• Diaphragms- with smallest dimensions 15 mm and shielding thickness not less than 

3mm shall be incorporated near the film cassette (Standard lead collimators) 

• Light sensitometer (single flash or double flash) with blue and green emitting light 

source shall be used for processor quality control. 

• Safe light - Standard filtered dark room safe light for existing dark room facility 

• Standards automatic and manual film processing facilities 

• Phantom- Fabrication of standard ISO phantoms for four different radiological beam 

qualities 

• Geometrical set up- Fabrication of standard geometrical set up for split screen-film 

techniques, which allow to study five different films together 

• pH meters, digital thermometers LED display alarm stop watches 

• Film storage -The film and screen shall be stored according to the manufacturers' 

recommendations. During the exposure the film and screen shall be maintained at 

23±2°C and 50 ± 20 % RH. 

10. Fabrication of ISO Test Phantom 

The test phantom consists of six polymethylmethacrylate (PMMA) slabs, each 25 mm 

thick by 300 mm square (14). The six slabs are arranged in 3 pairs. Between the upper pair of 

slabs a 1 mm thick and 300 mm square aluminium sheet is sandwiched. Between the middle pair 

of slabs also a similar 1 mm thick aluminium sheet is sandwiched. Between the lower pair of 

slabs a 2 mm thick aluminium sheet is sandwiched. The upper and lower pairs of slabs are 

separated by a gap of 54 mm (fig.6). 
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ALUMINUM 
SUPPORT 

Fig.6 Test Phantom 

10.1. Phantom for extremities The bottom pair of slabs with 2 mm thick aluminium sheet 

sandwiched between them alone represents test objects for extremity radiography. 

10.2 Phantom for chest radiography The upper and lower pars of slabs along with the 

sandwiched aluminium sheets with an air gap of 54 mm separating them represent phantom for 

chest radiography. 

103 Phantom for skull and pelvis All six slabs together but with out the aluminium sheet in the 

middle pair of slabs represent the test chject the skull and pelvis radiography. 

10.4 Phantom for lumber spine and colon All three pairs of slabs with corresponding 

aluminium sheets sandwiched between each pair together represents test object for lumber spine 

and colon radiography. 

11. X-ray beam quality for generating sensitometric curve 

Five different techniques are offered differing in beam qualities and fraction of scattered 

radiation to simulate five different scenarios of the diagnostic practice namely: extremities, skull, 

pelvis, lumber spine and colon, low kVp chest radiography and high kVp chest radiography. 
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For the determination of sensitometric curve shape, any one of the five beam qualities 

shall be used. The x-ray tube potential shall be measured and set within an accuracy of ± 5 %. 

The half value layer in aluminium (1100 alloy) shall be measured by keeping the detector at least 

100 cm away from the focus and filters midway between the detector and the focus. The tube 

voltages given in table 3 are recommended as starting values. For each of the techniques to be 

tested, tube voltage shall be adjusted until the measured half value of aluminium is within ± 2 % 

of the value given in table3. 

TableS Exposure techniques and beam quality specifications 

S.No Technique kVp HVL Exposure Exposure conditions 
(mm AI) time (mSec) 

(1) (2) (3) (4) (5) (6) 
I Extremity 60 2.2 100 No grid 

II Skull and Pelvis 70 2.6 200 Grid 

m Chest (low kVp) 80 2.7 100 No grid 

IV Lumber Spine 90 3.0 200 Grid 
and Colon 

V Chest (high kVp) 120 3.8 20 Grid 

12. Geometry set up for determination of sensitometric curve: 

A typical split-screen film technique and geometric set up of measuring arrangement is 

shown in fig. 7 and 8. Fig. 8. represents high scatter exposure conditions (without grid). The 

focus to film distance indicated as 'x' shall be 1.8 m for the chest exposure and lm for all other 

exposure techniques. The exposures for determination of sensitometric curve shall be non-

intermittent, intensity scale. The exposure times shall be uninterrupted and shall be in the range 

of20±10 ms to 200±10 ms and shall be kept constant for all exposures. 
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film holder (cassette) lead strips 

1%. 7.0 SpHt screen film technique for conducting x-ray sensitometry 

Lead tMM (0.025cm) 

Fig 1 1 Exposure geometry used for plotting H St D curve 

The x-ray beam shall be collimated such that it will fully irradiate the tea 

front of the cassette. The intensity is modified either by change in the distance (i 
* * • 

law) or by change in tube current (mA). For plotting sensitometric curve the film is 
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at least 20 different exposures equally distributed on a logarithmic scale. The intensity in terms 

of air-kerma (Gy) that the film is subjected to shall be measured using a measuring chamber 

placed at the film plane (without the film). In order to find Dmax one may have to increase tube 

current. In which case it shall be verified that the higher tube current does not change the beam 

quality. In case of low scatter exposure conditions (with grid) the test phantom is placed close to 

the x-ray tube. 

13 Determination of exposure levels at the location of film 

A monitoring ionization chamber shall be mounted near the x-ray tube and a measuring 

lionization chamber at the location of the cassette. These shall be used to determine the exposure 

level for each of the 20 exposures the film is subjected to for obtaining the sensitometric curve. 

The reading Mi of the monitoring chamber for each exposure of the film is noted. 

Immediately following each exposure the cassette is removed and the measuring ionization 

chamber is placed at the same position and the exposure repeated. The reading M2 of the 

monitoring chamber and the reading 'X' of the measuring chamber is noted. The exposure E in 

roentgen given to the film-screen combination shall be calculated from the formula: 

E= (M1/M2). X 

E/l 14.5 will give the exposure in Gray (Gy). 

14 Processing 

Either manual or automatic processing may be used. Processing should be carried out in 

accordance with the film manufacturer's recommendations. In order to avoid effects due to latent 

image fading all film samples shall be processed not less than 30 minutes but not more than 4 

hours after exposure. Between exposure and processing the films shall be maintained at a 

temperature of 23° C ± 2° C and 50 ± 20% relative humidity. 

However, the following processing information and accuracy shall be maintained: 

(1) Trade designations of all chemicals, if proprietary: otherwise the formulas 

(2) Temperature of the developer to within ±0.3°C 

(3) Temperature of other solutions to within ±0.5 °C 

(4) Immersion times in the various solutions to within 3 % 

(5) Agitation specifications, 

(6) Drying temperature to within ±10° C 

(7) Trade designation of processing equipment 
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The sample film subjected to different exposures is processed after optimising the processing 

conditions and the processed film were (fig 9). dried and evaluated for sensitometric properties. 

Us 

Fig. 9 A film strip exposed for x-ray sensitometry 

15. Measurement of diffused transmission density 

Optical Density of the processed and dried films shall be measured by a standard diffuse 

transmission densitometer with an accuracy of AD=± 0.01. 

16. Plotting the sensitometric curve and determination of characteristic properties of 

medical x-ray film 

The Diffused transmission density (D) as ordinates shall be plotted against their 

corresponding log exposure level (log K) values as abscissa and a smooth curve shall be drawn 

through the plotted points, K shall be expressed in gray (Gy). 
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log It 

Average gradient = tan 0 

Fig.10.0 A typical sensitometric (H & D) Curve 

16.1. Determination of base + fog density 

An unexposed sample of film from the same sample box as that tested for thickness of 

base shall be processed under standard condition simultaneously with those samples taken to 

plot sensitometric Curves. The density measured shall be the base + fog density. 

16.2 Determination of the average gradient, £ 

The average gradient is estimated from the plotted H&D curve. 

The average gradient <5 is given by 6 = (D 2 - Di)/ (log K2 - logKi) 

where D2 and Di are net densities having the values 2.0+ basic fog and 0.25+ basic fog 

respectively and K2 and Ki are the corresponding relative values of air kerma extracted from the 

sensitometric curve. 

16.3 Determination of speed 

For each of the exposures made at each beam quality (table 3.0), the net density of the 

processed images of the film shall be determined. A best-fit straight-line graph is plotted with 

density against air kerma. From the graph the air kerma needed to produce a density of 1.0 + 

basic fog is found out. The reciprocal of this exposure is the speed of the screen-film 

combination exposed. By conducting repeated measurement the absolute speed of the standard 

system of screen film combinations is found out. By exposing the unknown film in place of the 
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earlier one and finding the relative air kerma needed to produce an optical density of 1.0, we can 

find the relative speed of the new film. 

16.4. Determination of thickness of base 

An unexposed sample of the film (without developing) shall be fixed under standard processing 

conditions to remove silver halide on the film. This is washed, dried and the thickness is 

measured by suitable micrometer. Thickness of the base should allow for the film to be flat on 

the viewing box and for transportation by rollers of the processing machine. 

16.5. Check for artefact 

A sample film taken from each box is tested for artifact The samples are loaded in 

standard screen cassette and exposed to 80 kVp x-ray under a clear plastic (PMMA) sheet of 5 

cm thickness The cassette shall be placed on the table top at a focus to film distance of 100 cm 

and markings shall be placed on the cassette to indicate the direction of the axis of the x-ray 

tube. The tube current (mA) is adjusted to obtain a net density of 1.0. The exposed films shall be 

developed under standard conditions and inspected on a standard viewing box for the presence 

of any artifact. Standard Viewing Box Luminance - 3000-6000 lux 

16.6 Check for uniformity 

The density of the developed film shall he measured along the direction of the axis of the 

x-ray tube and perpendicular to the axis. The maximum deviation from the mean density along 

the direction of the axis and along the direction perpendicular to the axis shall be <0.15 and 

<0.10 respectively. 

17. Determination of radiographic requirements 

17.1 Determination of contrast 

Contrast is here defined as the change in density produced by an aluminium modulator 

divided by the thickness of the modulator in mm. The average density under four modulators is 

subtracted from the average densities measured at 5.0mm distance away from each modulator 

on all four sides. This difference is divided by the thickness of the modulators in millimetres. 

The contrast is evaluated both for scatter and scatter-free conditions. 

Apparatus: Equipment required for x-ray sensitometry plus modulators 
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Modulators 
For the measurement of contrast modulators consisting of 10mm X 10 mm size and 6mm 

thick aluminium (1100 alloy) shall be used for techniques III and IV shown in table 1. For 

techniques I, II and V aluminium sheets of same size but 3 mm thickness shall be used. 

Modulators are to be placed 1cm apart in a square array around the central x-ray beam on the 

tube side of the phantom. For exposure under low scatter conditions the modulators are placed on 

the cassette. 

17.2 Determination of Sharpness 

Sharpness is usually referred to as resolution measured in terms of line pairs per mm 

(lp/mm), which can be clearly visible. A film/screen combination having a resolution of S lp/mm 

can transfer most of the information at low and high frequencies and such a film is suitable for a 

general radiography department. 

17.2.1 X-Ray test pattern 

To check the resolution of the system an x-ray test pattern having up to 5 lp/mm were 
used (fig. 12.) 

2mmAl 
Sheet. 

lmmAl 
Sheet 

Slabs 

Fig 11 Modulators on phantom 
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Fig. 12.0 X-ray test patterns used to check the resolution of the system 

17.2.2 Procedure 

A x-ray test pattern having at least up to 5-lp/mm frequency is exposed keeping it over 

the test object in the scatter conditions for each of the exposure conditions as mentioned in table 

3. At least 51p/mm could be seen with bare eye when the processed and dried film is viewed on 

standard viewing box (3000-6000 lux). Even though it is the system resolution that is indicated it 

is also a measure of the resolution capabilities of the film used. 

Note: Modulation Transfer Function (MTF) and Wiener Spectra (Noise Characteristics) of the 

film are not included in this report 

18. Results and Conclusion 

Sensitometric curve shape is purely depending on film. For the determination of 

sensitometry curve shape irradiation of the screen/film combination need be measured in relative 

units. Both the average gradient and the speed are measured from the sensitometric curve. 

Further, the speed of film expressed in terms of reciprocal of ergs, cm"2 or J.m"2 may not sound 

much useful to a radiologist for deciding to select a suitable film/screen combination. The 

measurement of absolute speed of a film is extremely time consuming in spite of its limited 
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practical applications. Hence relative speed with respect to an accepted standard system 

(Film/screen/film holder/ processing combination) using an intensity scale x-ray sensitometry 

was found to be more user oriented and easy to measure when a large number of specimen 

samples are involved. A calcium tungstate screen (CaWC>4) of suitable speed class with a blue 

sensitive film or a rare earth screen (GdzCfeS: Tb) of suitable speed class with a green sensitive 

film loaded in a proper film holder serve as standard system. 

X-ray sensitometry studies were carried out on samples of films, both blue and green 

sensitive from the five different suppliers/ manufactures and the evaluated x-ray sensitometric 

curves and relevant data for film samples are given in table 4 and figs.13 &14. 

Table 4 Sensitometric properties of blue and green sensitive medical x-ray films 

Properties Blue Sensitive Films Green Sensitive Films Properties 

Film Nos. 
1 2,4,5 3 

Film Nos. 
1 2 3 4 5 

Average 
Gradient 

2.19 1.75 2.12 2.61 2.5 2.05 1.46 2.69 

Latitude * 
Low Contrast 

High 
Contrast 

0.7-1.6 0.6-2.2 1.8-4.4 

1.6-4.4 1.7-7.0 4.4-12 

1.6-3.1 1.5-3.1 2.1-4.7 0.62-2.8 1.0-2.2 

3.1-7.5 3.1-7.5 4.7-15 2.8-9.5 2.2-4.5 

Speed* 940 680 340 480 480 320 530 680 

•(Exposure range in mR), # [Absolute speed (R"1) of Screen/film system] 
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1 10 100 

•xpoture (mfi) 

Fig. 13.0 H&D curve for five different blue sensitive medical x-ray film 

exposure (mR) 

Fig.14.0 H&D curve for five different green sensitive medical x-ray films 
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Presently, the film samples from all suppliers in India. (Four importers of jumbo rolls and 

one indigenous manufacturer) are being tested at our Division and the film is recommended for 

use in medical radiography if the characteristics of the film conform to the limits stipulated in the 

taMe 5. 

Table 5 Standard requirements for medical x-ray films 

S.No. Characteristics, Requirements 

1 Base Thickness, (microns) 170-200 

2 Base+ fog density, Max. <0.20 

3 Maximum Density (Dmax), Min >2.25 

4. Average Gradient (<jr) 2.0-3.0 

5 Uniformity, Max 

i) Along the direction of axis <0.15 

Variation in OD 

ii) Along the perpendicular to axis <0.10 

Variation in OD 

Also a detail study of general-purpose medical x-ray films supplied/manufactured in 

India as outlined in this report has helped to formulate a national standard on testing of medical 

x-ray films (Annex-I) for the first time in the country so that poor diagnosis as well as excessive 

dose to the patient due to the use of poor quality medical x-ray films can be eliminated. 
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Annex - 1 

Indian standard draft for medical x - ray film 

1 Scope 

This draft Indian Standard (IS) prescribes the requirements, methods of sampling and 

tests for double sided emulsion coated medical x-ray films, both blue and green sensitive, for 

general purpose radiography. 

2 Terminology used 

2.1.1 Visual defects 

a) Air bubble - A transparent spot with a black concentric ring. 

b) Air bubble line - A transparent spot with a black concentric ring with a continuous white 

line. 

c) Air bubble streak - A transparent spot with a black concentric ring with a small black or 

white tail. 

d) Coating miss or uncoated area - The area of the base without any emulsion coating 

e) Comet mark - A white or black comet like appearance due to repellence of emulsion to 

the base. 

f) Streak mark or streak patch- A dark patch or tail like mark on the film 

g) Tape bit sticking - A PVC or polyester tape bit seen on the film 

h) Scratches - Continuous or discontinuous shining like on the surface of the film which 

appear black lines after processing 

i) Knurling - Without emulsion coating and knurling impression at the edge of the base of 

the film. 

j) Step cut and damage at corner round - Improper cutting of the edge of the corner 

round of the film. (Medical x- ray sheets are corner rounded for easy movement between 

the rollers of the processing machine) 

k) Other conversion defects - The cutting edge of the film not smooth and with blemishes. 

2.1.2 Latent defects (defects seen after chemical processing) 

a) Fog - Blackness (unwanted density) present in the film apart from the allowable 

minimum fog level (acceptable level). 

c) Base + Fog or basic fog - The base density and acceptable inherent emulsion fog is 

called Base + Fog or basic fog. 
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d) Static mark - The electrostatic charge dissipates and resembles the object like tree 

Sunrise, spot, line type. 

e) Band of higher density - Blackness present in a particular area of the film. 

f) Band of lower Density - Whiteness present in a particular area of the film. 

g) White line - A line of lesser density in a particular area of the film. 

h) Sketches - Continuous and discontinuous shining lines on the surface of the film, which 

appear as black line after processing. 

i) Pressure mark- a black line (sensitized) or a white line (Desensitized) appears on film 

due to stress. 

j) Nail mark of crime mark - A white or black crescent mark with a dent. 

k) Rubbing - A cat clawed zig- zag line and black line, which appear after processing. 

1) Film artifact -Any visual defects observed on a film after processing under standard 

conditions. 

2.1 J Air kerma K- That energy which is transferred by x-rays to air molecules divided by the 

mass of the air in that volume where energy is released is termed as air kerma (K). The 

unit is the Gray (Gy). 1 Gray is the absorbed dose of X radiation in 1 Kg of air, which 

produces charged particles and imparts 1 J of initial kinetic energy to those charged 

particles. (1 Gy=l J /Kg of air equivalent to 114.5 R or equivalent to 0.0295 C/Kg). 

2.1.4 Net density -Net density in this context is the density required plus basic fog. 

2.1.5 Sensitometric curve- Plot of the density of the processed photographic film as a 

function of logarithm of the exposure in terms of air kerma (K). 

2.1.6 Speed (S) - Speed is the quantative measure of the response / sensitivity of the film or 

the screen/film combination to x-ray, for specified condition of exposure, processing and 

density measurement. It is the reciprocal of the exposure required to produce a density of 

1.0 above the basic fog density under the standard condition of exposure and processing. 

2.1.7 Absolute speed- "Absolute speed" of a screen-film system or a film is defined, as the 

reciprocal of air kerma (in Gray) required to produce an optical density of 1.0 above base 

plus fog. 
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2.1.8 Relative speed- The "relative speed" of a screen-film system, a pair of screens, or a 

film is defined as the reciprocal of the relative air kerma (in Gray) required to produce an 

optical density of 1.0 above base plus fog, compared with that obtained by means of a 

standard screen-film system, standard pair of screens or a standard film. In other words 

the relative speed can be obtained by simply dividing the absolute speed by the speed of 

the standard. 

2.1.9 Average gradient 6 - The slope of the straight line joining two specified points on a 

sensitometer curve. To calculate the average gradient a triangle is constructed using 

defined points, net density 0.25 + basic fog and net density 2.00 + basic fog. 

2.1.10 Cassette- The x-ray film is placed in light tight film holder/cassette. The cassette 

encloses two intensifying screens. 

2.1.11 Half value layer (HVL) - The half value layer in aluminium is the thickness of 

aluminium slab, which when placed in the x-ray beam between the focus and the 

detector, the exposure rate will become half of its original value at specified tube voltage 

and current. 

2.1.12 Maximum density (D M«) - The maximum density of one of the film exposed as per 

Annex-13.9 with maximum mA for plotting the sensitometric curve 

3 Requirements 

3.1 Description- It shall be double sided emulsion coated film for medical radiography in sheet 

form of various sizes as per IS 9644 1990. 

3.2 Material of the base- Material is used as base shall be either cellulose triacetate (CTA) or 

Polyethyleneterephthalate (PET) resin and blue cleared base at the option of purchaser. 

3 3 Appearance of the base- Processed film shall have light blue / green tinge. 

3.4 Defects: The film shall be examined for finish and defects and it shall be generally free 

from visual and latent defects. 

3.5 Dimensional stability- The nominal and actual size of films shall be mentioned under 

specified environmental condition of 21±2 0 C and 50±5 % RH and shall confirm to the size 

given in table 1. of IS 9644; 1980. 

3.6 Squareness of sheet- Neither diagonal of any sheet of the film shall exceed the diagonal of 

a rectangular sheet of the appropriate maximum length and width nor shall it be less than 

the diagonal of a rectangular sheet of the appropriate minimum length and width. 
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3.7 Corner rounding-The four corners of the cut sheets shall be rounded and they shall not 

have any steps and sharp features. 

3.8 Interleaving paper- The film shall be interleaved with a minimum of 50 GSM yellow/ 

white interleaving paper and the interleaving paper should be photographically inert. 

3.9 X-ray films shall also meet the requirements as given in table 5 of the report. 

3.10 Speed- Speed in SI Unit (Gy'1) shall be declared by the manufacturer indicating the 

minimum value. 

3.11 Radiography- The above films shall be got tested for image clarity, sharpness and contrast 

as per the methods given in the report. Sharpness and image clarity are specified in terms of 

resolution and shall be at least 5 line pair per mm (lp/mm). 

3.12 Shelf life- The film shall have a minimum shelf life of 18 months from the date of coating. 

3.13 Accelerated aging test- A sample carton of films in its original package shall be kept in 

environmental chamber at 50± 2° C and 50%± 5 % RH for a period of seven days 

continuously. At the end of the period the carton shall be normalized at 20± 2° C and 50%± 

5 % RH for 24 hours and then shall be tested. At least three specimens shall be examined 

for sensitometric test for conformity to the requirement as given in the report (table 3. Sr 

No. 2 to 4). 

4. Packing - For all sizes the numbers of sheets of film for medical x-ray use in a single packing 

shall be 25,50 

or 100 sheets. These shall be placed in lightproof black pouches made of low-density 

polyethylene film of at least 175 n thick and heat sealed to prevent ingress of light or moisture. 

Such pouches shall be put in light tight cartons and securely sealed with adhesive tape. 

5. Instruction manual- The supplier shall provide instruction manual giving details of 

processing storage and handling along with each packing. 

6. Marking 

Each package shall be legibly and indelibly mark with the following information. 

a) Name of the manufacture or trade mark, if any; 

b) Normal size of film in mm with smaller dimensions shown first; 

c) Number of sheets; 

d) Date of Expiry; 
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e) Instruction regarding storage conditions (temperature and relative humidity and stack 

vertically should be shown boldly. 

f) Emulsion number 

g) Date of coating 

h) Blue/ Green sensitive film 

k) Speed of the film 

7. BIS certification marking 

The material may also be mark with the Standard Mark. The use of the Standard Mark is 

governed by the provisions of the Bureau of Indian Standards Act, 1986 and the Rules and 

Regulations made there under. The details of the condition under which the license for the use of 

standard mark may be granted to manufacturer or producer may be obtained from Bureau of 

Indian Standards (BIS). 

8. Sampling 

8.1 Lot- All the films in sheet form produced under similar conditions and of the same size 

shall be put together to constitute a lot for the reaukement under Annex-I ( 3.1to 3.8 and 

table 5. SrNo.l). 

8.1.1 In order to ascertain the conformity of lot to the requirements of the specification, the 

sample shall be tested for various characteristics as stated under 8.1. 

8.1.2 The number of films selected to form a lot shall, be in accordance with l,2and3 of table 

1. 

Table 1 Number of films to be selected for sampling 

Lot size No. of Packets No of films Acceptance 
(Packets) To be selected To be selected Number 
(1) (2) (3) (4) 

Up to 15 2 8 0 
16 to 25 3 13 1 
26 to 100 5 20 1 
101 and above 8 32 2 

8.13 The selection of packets forms the lot and sheets from the packets shall be done at 

random and in order to ensure the randomness of selection the procedures given in IS: 

4905 may be followed. 
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8.1.4 From the selected packages in accordance with column 1 and 2 approximately same no. 

of sheets shall be selected at random from the packages so as to obtain required no. of 

sheets as given in column 3. 

8.1.5 Criteria for conformity- All the sheets drawn shall be tested for the requirement under 

Annex-I (3.1 to 3.8 and table 5. Sr No.l). If any of the sheets fails to satisfy any of these 

requirements, it shall be termed as defective. The lots shall be declared as conformity to 

the requirement of the specification if the no. of defectives is less than the no. given in 

column 4. of table 1. 

8.2 Sample for sensitometric and radiographic test 

8.2.1 Lot- Jumbo roll shall constitute to lot' batch. 

8.2.2 From each batch three specimen films shall be collected from any two packets selected at 

random. These samples shall be tested for the requirement as given in the report (table 

no. 5. Sr No. 2 to 5) and Annex-I. The individual test results for each batch shall meet the 

requirements of this specification. 
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Annex -II 

Proforma for testing and sensitometry of (duplitised) double side emulsion coated medical 
x-ray film 
1 Name and address of manufacturer 

of medical x-ray film 
2 Type of film: 
3 Speed Class: Slow/Medium/Fast/Ultra fast ; 
4 Spectral sensitivity: Blue /Green/panchromatic/any other 
5 Dates of: (1) Emulsion coating (2) Packing (3) Expiry 
6 Processor chemicals specifications available: Yes / No 

If yes, details: 7. The country of origin of Jumbo rolls 

8 Type of shipment: 
9. Environmental conditions of storage of jumbo rolls and packed films 

Temperature RH Light Any other 

Observed 

Recommended 
10. Minimum time delay from emulsion coating to film packing: 
11. Processing Time specification available: Yes/No 

If yes, details: 
12. Dark Room Safe Light Filter Specifications: 
13. Whether Testing Laboratory available: Yes/No 

If Yes, Name of facility: 
14 Testing Equipments: 
14.1. Sensitometer: x-ray/light 

If light sensitometer, furnish following details: 
Type of illuminant: Double flash/Single flash/ Double color / double flash 
Name of Manufacturer/Brand Name 
S. No. of the sensitometer: 
Arrangement for light output measurement 

Date of calibration 
14.2 If x-ray sensitometer give following details: 
Type of x-ray Generator: 
Recommended: 6 pulse/12 pulse/high frequency / Maximum Rating: kVp mA 

Type of screen(s): Brand name: 
Name of manufacturer of the screen(s) : 
Speed class of the screen(s): S.No. 
Type of Film holder: S.No. . 
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Brand name (manufacturer): 
Year of manufacture of: Screen Cassette 
Percentage of attenuation by cassette; Obs: Tolerance 2%. 
Beam quality used : Technique I / II / III / IV / (ISO 9236) 
S.No. of: Monitor chamber Measuring chamber 
Date of Calibration: Monitor chamber 
Measuring chamber 

Accuracy: ±5% for collimated beam without scatter 
±7% when scatter is involved 

15. Environmental conditions for film storage/ exposure and after exposure: 
Temperature: Observed Recommended: 23°C± 2°C (IS0554) 
R.H: Observed Recommended: 50±20%(IS09236-1) 
Dark room safe light colour 
Date & time of Observation. 

16. Processing: Manual / automatic 
If automatic, Name of Manufacturer: 
Processing instruction by the manufacturer: 
Delay time before processing: Obs: Tolerance 30min to 4 hours 
PH of Developer Fixer ,Wash bath 

17. Environmental conditions for developmentAVash/Fixing and drying 
Developing Washing Fixing Drying 

Temp obs: 
Recomm.: 
Tolerance: (±0.3°C) (±0.5°C) (±0.5°C) (±5°C) 

RH. obs: 
Recomm: (50±20 %) (50±20%) (50±20 %) (50±20%) 

Time Obs: 
Recomm.: 
Tolerance: (±3%) (±3%) (±3%) (±3%) 

18. Trade Designations of Chemicals/Formula: 

Developer Wash Fixer Final Wash 

19. Developer: Fresh / Seasoned: 
If seasoned, Type and amount of film developed: 
Density of the processed films Obs: 
Replenishment procedure : 
Agitation Specification : 
Volume of solution recirculated : 
Rate of gas used 

20. If the film is processed under conditions which differ from those recommended by the 
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Film manufacturer these conditions are to be reported in detail. 
21. Densitometry: 

Name of the manufacturer of Densitometer: 
S.No. of the unit : 
Accuracy : Obs: Tolerance ±0.03 OD in the range 0 -3.0 OD 
Colour of light used for density measurement 

22. Observations /Recommendations 
Parameters Observed Recommended 

Base material CTA/PET 
Base thickness 170-200jxm 
Base+fog Density <0.2 (ACR manual, FDA 77-803) 
Dark Room fog < 0.03 
Speed 
Contrast Low / high 
Average Gradient 6 2.0 - 3.0 
Resolution >41p / mm 
Uniformity ± 0.15of ave. Opt. Den (ACR-MAP) 
Number of Artifacts: 

19. Name of Person(s) conducting Tests Signature with date 
(With Institution representation) 

1. 

2. 
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