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‘Invited Papers’ is also presented to display a publication of 

merit as an opening for the journal. The idea to start a journal 

dedicated to medical physics and biophysics research and 

practice for academician, practitioners, and clinical 
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COMPOSITION OF HUMAN BONE MINERAL BY FTIR AND ITS RELATIONSHIP 

TO THE AGE 

D. S. Soejoko1, Y. W. Sari2, S. U. Dewi2, Nurizati2, K. Dahlan2, and D. S. Atmadja3 

1. Department of Physics, Faculty of Mathematics and Sciences, University of Indonesia,  

Kampus UI Depok 16424, Indonesia 
2. Department of Physics, Faculty of Mathematics and Natural Sciences, Bogor Agricultural University, 

Jl. Meranti, kampus IPB Darmaga Bogor 16680, Indonesia 
3. Department of Forensic Medicine and Medicolegal, Faculty of Medicine, University of Indonesia,  

Jl. Salemba Raya No.6 Jakarta Pusat 10430, Indonesia 

E-mail: djarwani@fisika.ui.ac.id 

Abstract: Deproteinated human bone with hydrazine indicated that percentage of bone mass mineral 

increased with individual age in the range of child to adult, and then slowly decreased with ageing. 

Type of bone and sex also influenced the proportional of mineral in bone. Several information was 

obtained from infrared spectroscopy measurements. Calcium phosphate in bone mineral was a mixture 

of amorphous calcium phosphates and apatite crystals that rich of carbonates. Most crystals were 

carbonate apatite type B, with additional small amount of type A and AB. The splitting factor of υ4 

phosphate bands indicated that crystalline degree was regulated by age, increases in the range of child 

to adult, then decrease up to a certain value (0.16) and finally almost constant. It is predicted that 

apatite crystals that was formed with less calcium phosphate will accompanied by the insertion of 

crystallization water in order to maintain the constancy of bone volume. 

Keywords: human bone mineral, apatite crystal, water crystallization 

I. INTRODUCTION 

Although Glimcher et al (1981) argued the presence of 

amorphous phase during bone formation, current study 

conducted by (Olszta et al., 2007) supported previous 

observation of Termine and Posner (1966 and 1967) in which 

they called up the idea of both amorphous and crystalline 

phase were presence in bone mineral. Infrared spectroscopy 

indicated that besides phosphate, carbonate is also present in 

bone mineral which is incorporates with either amorphous or 

crystalline calcium phosphate. However, the existence of 

carbonate in an amorphous environment is still indeterminate. 

On the other hand, in calcium phosphate of bone mineral 

known as apatite crystal of which its structure is analogous to 

stoichiometric hydroxyapatite, Ca10(PO4)6(OH)2, carbonate 

ions may replace either OH- or PO4
3- ion and are designated as 

carbonate apatite type A and type B respectively. Two sets of 

infrared absorption bands at about 1545, 1450, 880 cm -1, and 

1465, 1412, 872 cm-1 correspond to carbonate apatite type A 

and type B (Termine and Lundy, 1973). In addition, there is 

also exist an unstable carbonate apatite which is introduced as 

type AB and characterized by the bands at 1452 - 1470 -1500 

– 1545 – 1568 cm-1 (Rey et al., 1989, 1991).

In this paper, infrared spectroscopy of human bone 

mineral with differ individual age is reported. Obtaining the 

information of bone mass percentage, hydrazine was used to 

remove organic component from bone samples that most of 

which were taken from rib. Further investigation was carried 

out by Fourier Transform Infrared spectrometer (FTIR). 

II. MATERIALS AND METHODS

Ten human bone samples were obtained from ten 

individuals who came to autopsy. It is believed that the 

subjects were in normal health prior to passed away. Those 

samples represented the age groups of child (1 day), 

adolescence (16 years), adult (21 - 36 years), and old (60 – 75) 

years. Most samples were selected from rib, and others were 

from femur, head, and tibia. First all samples were 

deproteinated to separate bone minerals from its organic 

compounds. Hydrazine was preferred than both 

ethylenediamine and hyphochlorite for deproteination as 

hydrazine did not alter the mineral phase in the treated sample 

(Termine, Eanes, Greensfield, Nylon, 1973 and Tomazic, 

Brown, Eanes, 1993). Samples were immersed into 10 ml of 

hydrazinium hydroxide for 1 hour at ambient temperature. 

Reimmersion was done subsequently for 2 hours at room 

temperature, 1 hour at 60 C, and 24 hours at 60 C. Then 

samples were diplo washed using 50, 75, 85, and 100 % 

ethanol and followed by aquadest. To remove adsorbed water, 

samples were heated at 110 C for 12 hours. 

For infrared spectroscopy measurement a milligram of 

sample was mixed with about 100 mg KBr, grounded and 

pressed in the mould to produce transparent pellet. All infrared 

spectra were obtained using Brucker FTIR spectrometer, with 

the measurement range of 400 – 400 cm-1. Wave numbers 

where transmission peaks occurred were recorded at each 

spectrum. 

Received 2 October 2013 
Published 30 December 2013 

The Invited Paper section in Journal of Medical Physics and 

Biophysics serves in publishing selected works with merit. No 

review process was applied unto the works published in the 

section. 

mailto:djarwani@


Soejoko, et al. 
 

J. Med. Phys. Biop. (1) Vol. 1 3 February 2014 

III. RESULTS AND DISCUSSION 

Mass of bone minerals of 10 samples that was obtained 

from deproteination using hydrazinium hydroxide is presented 

in Table 1. These samples were originated from the rib (7 

samples), the femur (1 sample), the head (1 sample), and the 

tibia (1 sample). Most samples were obtained from different 

individual and at different age, except 1 rib and 1 head samples 

were taken from the same male person at the age of 31 years. 

From these two samples, it is shown that the head has higher 

content of mineral mass than that of the rib. Figure 1 illustrates 

the relation between the bone mineral mass with the individual 

age. The mass percentage value for an individual age 

between16 to75 years is in the range of 20 -50 % with the 

tendency to decrease with the ripening.  

Table 1 Mass of human bone minerals originated from various 

age of individual. 

Category Sex Age Type Mass  

(% wt) 

Child Male 1 day Femur 42,33 

Adolescence Male 16 years Rib 50,65 

Adult Male 30 years Rib 32,99 

31 years Rib 48,12 

31 years Head 65,05 

36 years Tibia 56,27 

Adult Female 21 years Rib 43,03 

Old Male 60 years Rib 34,24 

65 years Rib 25,47 

Old Female 75 years Rib 23,85 

 

Figure 1. Percentage mass human bone minerals of the rib in 

relation with individual age. 

The result of FTIR spectroscopy is illustrated in Figure 3. 

Band positions of recorded spectra are presented in Table 3. 

Of all appeared phosphate bands, there are two bands that 

occur in all spectra, the υ3 band in the range of 1000 – 1200 

cm-1 and the υ4 band in the range of 500 – 700 cm-1. The υ3 

band is a broad and asymmetry band with the peak at about 

1032 – 1037. While the υ4 band is split into two peaks at 605 

and 566 cm-1 which indicate that the sample contains apatite 

crystals. Besides these two phosphate bands, there is also υ1 

phosphate band at about 962 cm-1 as a shoulder of the υ3 band. 

The carbonate bands present at lower intensity compare 

to that of the phosphate bands. The υ3 carbonate band is 

located at 1400 – 1600 cm-1, and the υ2 band is at about 873 

cm-1. All spectra contain υ3 carbonate broad band with two 

peaks at about 1418 and 1453 cm-1. Some spectra also exhibit 

additional small band with peaks at about 1542 and 1560 cm-

1. A Sharp υ2 carbonate band can be seen clearly at about 873 

cm-1 in all spectra. The bands at about 1545, 1450, and 880 

cm-1 are attributed to carbonate apatite type A, and the bands 

at about 1465, 1412, and 872 are recognized as carbonate 

apatite type B (Termine and Lundy, 1973). The broad band 

with peaks at about 1418, 1453, 1542, and 1560 cm-1 is match 

with character most bands of type AB carbonate apatite (Rey 

et al. , 1989, 1991).  

The splitting of the υ4 phosphate band can be used for 

estimating the crystallization degree in mixtures of amorphous 

calcium phosphate and apatite crystal (Termine and Posner, 

Science, 1966). Evaluating the crystalline degree 

quantitatively, the splitting factor (SF) is defined as the ratio 

between AB and AC (Figure 2). The SF value of all samples 

is presented in Table 3. It can be noticed that SF is initially 

influenced by age on which its value is increase significantly 

from 0.18 (a born child /1 day) up to 0.25 (an adolescence/16 

years), and then followed by a decline to 0.16 (adult/31 years). 

Afterwards, its value is relatively constant up to the age of 65 

years. If SF at a born child (0.18) is assumed as a reference, at 

adolescence its value increases approximately up to 39% and 

at the age between adult and old its value increases only about 

11 %.  SF value as a function of age is presented in Fig. 4.  

The existence of adsorbed water in all samples is 

indicated by the broad band at 3700 – 2500 cm-1. Several sharp 

peaks that appear between 3300 – 1600 cm-1 are recognized as 

water of crystallization. Along this region, there are at least 

three distinct peaks, one peak in the region of 1600 – 1650 cm-

1 and the two others in 2850 – 2930 cm-1. 

 

 

Figure 2. Illustration of  splitting factor (SF= AB/AC) of υ4 

phosphate band. 
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a. 

 

b. 
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f. 
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Figure 3. Infrared spectra human bone minerals of individual with the age of a) 1 day, b) 16 years, c)30 years, d) 31 years, e) 36 years, f) 

60 years, and g) 65 years.
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Table 2. Position of absorbed bands for phosphates, carbonates, and water crystals in infrared spectra of human bone minerals. 

Age Type 
Phosphate (cm-1) Carbonate (cm-1) Crystallization water 

υ1 υ3 υ4 Υ2 υ3 υ4   

1 

day 
Femur 962 1037 

605 

872 

1453 

- 1637 

2926 

566 1418 2866 

16 

yrs 
Rib 961 1035 

605 

874 

1419 

- 1649 

2924 

566 

1456 

2854 1542 

1560 

30 

yrs 
Rib 961 1035 

605 

874 

1452 

- 1633 

2923 

566 1418 2863 

31 

yrs 
Rib 963 1034 

605 

874 

1447 

- 

1627 2925 

566 1418 1747 
2864 

2959 

36 

yrs 
Tibiae 961 1036 

605 
874 

1452 
- 

1631 2925 

566 1418 1744 2856 

60 

yrs 
Rib 962 1033 

605 

873 

1457 

721 

1630 2922 

565 
1417 

1601 2852 
1559 

65 

yrs 
Rib - 1032 

605 

873 

1457 

721 

1601 2922 

564 1416 1743 
2851 

3231 

Table 3. Splitting factors of the υ4 phosphate bands in infrared 

spectra of human bone mineral. 

Age AB (cm) AC (cm) SF 

1 day 0.90 4.9 0.18 

16 years 1.1 4.4 0.25 

30 years 0.95 4.4 0.22 

31 years 0.70 4.5 0.16 

36 years 0.70 4.5 0.16 

60 years 0.75 4.7 0.16 

65 years 0.70 4.6 0.15 

 

Figure 4. Splitting factor in related with individual age. 

As part of biological system, bone mineral is in a relation 

with metabolic activity. Bone mineral is being continuously 

deposited and resorbed. Parallel with slowing down of 

metabolic activity, the bone mineral content also declines with 

increasing of individual age. This tend can be seen noticeably 

from the rib samples (Table 1) of which  the percentage bone 

mineral of an individual from adult (16 years) up to old (65 

years) is decrease from 50.65% up to 25.47%. This found 

support the statement that bone mass of long bone is reduced 

as much as 60% for women and 50% for men during ageing 

(Larry L. Hench and Julian R. Jones, 2005). Type of bone is 

also influenced the proportion of mineral in bone. Compared 

to the rib, both the head and tibia bones have a higher mass 

percentage. This relates with their structure. On one site, the 

head bone is a flat bone completely composed of compact 

bone. A tibia is a long bone that has two regions, diaphyses 

and epiphyses. Diaphysses is constructed by compact bone 

while epiphyses, as an extremity of long bone consist of 

spongy bone. On another site, rib is constructed by two layers, 

a compact bone in the outer and a spongy bone in the inner 

site.  

The most stable calcium phosphate is hydroxiapatite 

(HAP) crystal, Ca10(PO4)6(OH)2. Both complex and simple 

ions in the vicinity of calcium and phosphate ions able to 

produce biological apatite in bone mineral in similar structure 

with HAP, but diverse in composition and stoichiometry. The 

formula of biological apatite can be written as follows  

 

(Ca, M)10 (PO4, Y)6 (OH2, X) 

 

with M represents simple ion such as Mg, Na, and K, and Y 

represents complex ions such as carbonate and sulphate, 

whereas X represents either complex or simple ion such as 

carbonat, fluor, and chlor.  

Infrared spectra of bone mineral indicates that most 

crystal apatite is carbonate apatite type B and some amount of 

type A, with addition of type AB. Type A and B carbonate 

apatite is produced by substitution of OH- and PO4
3- with CO3

2- 

ion, respectively,. While type AB carbonate apatite is not a 

simple addition of both type A and B but it is predicted that it 

has a correlation with a poorly crystalline phase (Rey et al., 

1989). The presence of carbonate type B is obvious; it is 

0.1
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indicated by the appearance of a strong band at about 873 cm-

1. Contrary, the presence of carbonate apatite type A is an 

ambiguous as there is a disappearance of the peak at 880 cm-1 

which is one of its characteristics band. Nevertheless, the 

absence of OH- bands at about 3572 and 630 cm-1 as 

characteristic bands of hydroxyl in hydroxyapatite indicates 

that there is a carbonate substitution to hydroxyl group in 

hydroxyapatite which result a carbonate type A. The 

appearance of carbonate type AB is clearly seen in samples 

with the age of 16 and 60 years. 
Apatite crystal in bone mineral includes in metabolism 

activity. New apatite crystals are always formed, the existed 

young crystals growth to mature, and the mature crystals come 

to old. Naturally, the resorption will occur among the oldest, 

the same trend is also happen in apatite crystal. Therefore bone 

mineral always contain of apatite crystals with different ages. 

Using SF of the υ4 phosphate band, it can be inferred that 

crystalline degree of bone mineral is a function of time from 

the new born up to adolescence. This parameter further 

decrease up to a certain degree and then inclines up to a 

constant value during adult to old period. Compare to bone 

mass percentage, this study suggest that there is no correlation 

between bone mass percentage and crystalline degree. As an 

example, though both bone mass percentage from the rib of 30 

and 60 year old person has a nearly value (32.99 and 34.24 %, 

respectively), there is a difference in crystalline degree which 

is indicated by a varied SF value (0.22 and 0.16, respectively).   

All infrared spectra indicated the existence of 

crystallization water by appearing OH- bands in the range of 

1601 – 1747 cm-1 and in the range of 2922 – 3231 cm-1 that 

further will be called the first and second range. One sharp 

band at the peak at about 1630 cm-1 always appears clearly in 

the first range, and two sharp bands with the peaks at about 

2860 and 2925 cm-1 are well observable in the second range. 

The band at 2925 cm-1 is in higher intensity compare with the 

band at 2860 cm-1. There are other bands with low intensity 

which are located between the two ranges. All of these bands 

indicated that more than one type of water environment exist 

in the crystals. It is interesting to note that intensity of the band 

in the first range is much higher than those in the second range 

at the spectra from femur of a new born child (1 day) and tibia 

of an adult (36 years). A slight different is found at the rib 

spectra; the bands in the first and second range are comparable 

in intensity particularly which come from adult (16, 30, and 31 

years). A great different appeared at the rib spectra from old 

individual (60 and 65 years), the bands in first and second 

range are at high intensity, and moreover those from 65 years 

person are relatively higher. This is an indication that bone 

mineral from old individual contains high concentration of 

crystallization water.  

It seems that there is a tendency in which high crystalline 

degree or high SF value will be accompanied by low degree of 

water crystallization, vice-versa. These phenomena can be 

understood since the insertion of water molecules into the 

crystal lattice will influence the packing arrangement. 

Metabolism rate of an old individual is relatively lower 

compare with that happen in young individual, therefore the 

formation and growth of crystals in bone mineral is not 

balanced with the body’s resorption of calcium from bone. To 

keep a constant volume of the bone, water molecules might 

enter crystal lattice and form a hydrogen bond to substitute the 

crystal destruction. 

IV. CONCLUSION 

Human bone mineral relates with metabolism activity, 

and the mass tends to decrease with ageing. From the male rib 

bone samples, the changes is clearly appeared, in the interval 

between 16 – 65 years (adolescence to old individual) the bone 

mass was found 50.65% and 25.47%. The decrease is started 

at about individual age of 60 years. Even with limited samples 

it can also be seen that the percentage bone mass is also 

influenced by type of bole and sex of individual.  

From infrared spectra it is shown that composition of 

amorphous calcium phosphates and apatite crystals in human 

bone is also affected by metabolism activity. Most apatites 

were type B with additional small amount type A and AB. The 

splitting factor of υ4 phosphate bands illustrated the crystalline 

degree of bone mineral. From the rib samples SF decrease 

from 0.25 to 0.16 that was found at the range of age from 16 

to 31 years of individual age. After 31 years of age, the SF 

value was relatively constant. At any instant bone mineral 

contains newly formed apatite crystals, young and mature 

crystals. It was predicted that for maintaining bone volume, 

crystallization water play a significant role. Apatite crystals 

which were formed with less of calcium phosphates will be 

rich of crystallization water in order to maintain the constancy 

of bone volume. 
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Abstract: In Interventional Cardiology, dose received by the patient is relatively higher, while 

the occupational would receive scattered radiation dose whose quality is relatively lower. 

However, the occupational received accumulative doses of all cardiovascular procedures were 

done over the years. Therefore, the purpose of this paper will focus to estimate the distribution of 

scattered dose to occupational without any protective shielding in the Cath Lab. The scattered 

dose rate was measured by using survey detector of Unfors Xi. The detector was placed at 6 

different positions around the phantom. Each measurement position has eleven points from 25 to 

175 cm above the floor with increment of 15 cm as the illustration of partial height of 

occupational organ. Experimentally a Rando phantom was irradiated by automatic pulsed 

fluoroscopy with condition varies in the range of 88-93 kV and 5.7-9.4 mA depend on gantry tilt 

and field size. The Philips C-arm gantry tilt was varied at 0o PA projection, 20o and 30o Caudal, 

20o and 30o Cranial, and 40o and 50o Left Anterior Oblique, and also Flat Panel Detector (FPD) 

was varied at 20 x 20 and 25 x 25 cm2. Generally, the greatest dose rate was known at level 

corresponding to the waist (100 cm) of occupational and the lowest at head areas (175 cm) of 

occupational which is 2.49 mGv/h and 0.02 mGy/h, respectively. The given data showed that the 

scattered fractions are in the range of 0.001-0.060% from its primary dose at isocenter. The 

scattered doses tend to increase with gantry tilt for all positions. Increasing field size of FPD will 

decreased the scattered fraction from its dose at isocenter, and also it affects the scattered dose 

rate. 

Keywords: Interventional Cardiology, Occupational Dosimetry, Radiation Protection, Scattered 

Dose Rate 

 

 

I. INTRODUCTION 

Interventional cardiology involves fluoroscopy 

diagnostic which requires a long time with a low radiation 

intensity to guide the catheter, and cine radiography which 

requires a short time with high radiation intensity for 

documentation of actions. The numbers of percutaneous 

interventional procedures using radiation have continually 

increased since the 1960s [1]. In general, both workers and 

patients in interventional cardiology procedure room are 

exposed to ionizing radiation. Personnel should be aware of 3 

different types of ionizing radiation exposure: the primary x-

ray beam, scattered x-rays, and leakage x-rays. The radiation 

dose received by the patient is relatively higher because 

patients are in the primary beam, while the workers would 

receive scattered radiation dose whose quality is relatively 

lower and spread in every direction. However, different from 

the patients, the clinical workers received a cumulative dose 

of all cardiovascular measures were done over the years. 

Scattered radiation levels in the room are in the range 0.2 - 

4.5 mSv/h during the procedure [2]. 

Based on the ICRP recommendations No. 60 (1990), 

The maximum annual dose allowed for radiation workers is 

20 mSv averaged over 5 years, with no more than 50 mSv in 

a year. For the lens of the eye it is 150 mSv per year and 500 

mSv for the skin, hands, and feet. Therefore, the occupational 

should be more vigilant at position that has a high scattered 

radiation. The discussion of the dose distribution in  

 

 

Figure 1. Simulation of (left) position and (right) Height of 

occupational 

interventional cardiology procedures to determine the 

scattered radiation is very important. 

II. MATERIALS AND METHODS 

Rando phantom which is assumed as the body of the 

patient, is placed on the patient table to be irradiated with the 

radiation field wide 25 cm x 25 cm. Furthermore, the 

scattered dose rate was observed at six different positions 

around the patient, as in Figure 1 (left), using Unfors-Xi 

survey detector. Occupational position is set at a distance of 

50 cm away from isocenter. Each measurement position has 
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eleven points from 25 to 175 cm above the floor with 

increment of 15 cm as the illustration of partial height of 

occupational. The gantry tilt was varied at 0° PA projection, 

20° and 30° caudal , 20° and 30° cranial, 40° and 50° LAO. 

The measurement was performed with the patient table 

height and SID (Source to Intensifier Distance) 102 cm and 

100 cm, respectively. 

Table 1. Dose rate at isocenter for different angles and FPD 

based on kV and mAs 

FPD 

(cm2) 
Gantry Tilt kV mA 

Time 

(s) 

Dose Rate 

(mGy/s) 

20x20 0 93 9.4 180 1.170 

25x25 0 89 6.2 180 1.062 

25x25 20 CAU 91 6.8 180 1.217 

25x25 30 CAU 93 7.7 180 1.440 

25x25 20 CRA 88 5.8 180 0.971 

25x25 30 CRA 89 6.0 180 1.027 

25x25 40 LAO 88 5.7 180 0.954 

25x25 50 LAO 88 5.9 180 0.988 

 

The results will be showed as a percentage where the 

scattered dose rate is divided by the value of the primary 

dose rate at isocenter and is multiplied by 100%. This result 

represents the number of relative scattered doses from its 

primary beam. 

  

Figure 2. Simulation of gantry tilt of (a) cranial, (b) 0o PA 

Projection and (c) caudal 

III. RESULTS AND DISCUSSION 

In this study, the measurement result of air dose rate at 

the primary beam with a distance of 98 cm from the X-ray 

tube is obtained as in Table 1. To find out the air dose rate at 

the isocenter, which is at a distance of 50 cm from the X-ray 

tube, is using inverse square law formula. Thus, the value of 

the air dose rate at isocenter is 17.43 μGy /s. 

 

 

 

Figure 3. Simulation of gantry tilt of LAO 

The Philips C-arm is used specifically for interventional, 

therefore being not equipped with kV and mAs settings, so 

the value of the dose rate at the isocenter point should be 

adjusted as at the time of measurement, using the following 

Equation 1, where D  = absorbed dose rate, kV = energy in 

kilovoltage, mA = current in milliamps, and s = time in 

second. The air dose rate at isocenter at the time of 

measurement is showed in Table 2.  
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Tabel 2. Air dose rate at a distance of 98 cm from the X-ray 

tube 

FPD (cm2) kV mA Time (s) µGy/s 

20x20  71 4.7 6 2.959 

25x25 74 4.7 6 4.537 

 

Generally, the distribution of scattered radiation from a 

height of 25 cm to 175 cm follows a Gaussian distribution. 

This scattered results is obtained without any protective 

shielding in place. Scattering distribution lowest value was 

found in the head of the occupational (175 cm from the 

floor). Percentage scattering of these area of the occupational 

has been hindered by the patient table and the phantom. 

Additionally, the foot of the occupational (25 cm from the 

floor) also get scattered radiation with relatively small value 

because the area is under the x-ray tube collimator. 

Meanwhile, the largest value obtained in areas with height 85 

cm and 100 cm from the floor. The highest value obtained for 

the scattering of radiation that accumulates on the patient was 

at table height (102 cm from the floor); at that height, 

additional backscatter of the patient table and the floor exists. 

A. Field Size Variation 

For FPD variation, the scattering fraction increased with 

the decrease of field size for all positions and heights. This is 

due to the interaction of radiation (photons) with materials 

that will happen less in the smaller FPD. So the smaller FPD 

has a scattering that is greater than larger FPD. In addition, 

the small size of the selected FoV will increase the value of 

kV on ABC (Auto Brightness Control) fluoroscopy, thereby 

increasing the radiation dose. This can be seen in Figure 4 

through Figure 9, that the FPD 20 x 20 cm2 has a scattering 

fraction that is greater than FPD 25 x 25 cm2. In other words, 

the scattered dose rate received by occupational would be 

higher on the use of small FPD. It can also be observed that 

scatter faction for greater heights (130 to 175 cm from the 

floor) has a smaller values, especially at the height of 175 

cm, where the scattering fraction for both FPD matches. It 

might happen because at the table height radiation has been 

scattered by the patient, or very little radiation penetrates 

through, so that this area tends to be safe. 

B. Gantry Tilt Variation 

When the gantry tilt of 30o and 40o CAU was applied, 

scattering distribution on the right and left phantom positions 
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were not symmetrical. Position 1, 2, and 3 simultaneously 

has a maximum value at 100 cm height, then decrease at a 

height of 85 cm. While the position 4, 5, and 6 has maximum 

value at the height of 85 cm. Percentage distribution of 

scattering radiation was increased with the gantry tilt of 

caudal (Figures 10-15). This applies to positions 1, 2, 5 and 

6. As for the position 3 and 4, the greatest percentage 

scattering is actually obtained for gantry tilt of 20 CAU, 

because positions 3 and 4 are on the caudal phantom and far 

from the x-ray tube. 

C. Cranial Gantry Tilt Variation 

For variation of cranial gantry tilt, the percentages 

scattering at positions 2, 3, 4, and 5 increased in line with 

increasing gantry tilt (as seen on Figures 16-21). However, at 

positions 1 and 6, on the contrary, the percentage scattering 

decreased with gantry tilt increase. This is because the x-ray 

tube is further away from the position of the 1 and 2. 

D. LAO Gantry Tilt Variation 

Position 4 which has a lower radiation scattering is 

typically safer than position 3 for the gantry tilt of 40o and 

50o LAO. This is because position 3 is very close to x-ray 

tube, while position 4 received scattering that has been 

hindered by the patient table. Thus, position 3 tends to get 

more backscattered radiation. In the Figure 4, position 3 

explains that the smaller the gantry tilt of LAO, the smaller 

percentage value of scattering radiation was obtained. 

Inversely proportional to the position 4, i.e. in Figure 5, the 

value of the percentage distribution of the scattering was 

greater for small gantry tilt. The value of which is inversely 

proportional to the position 3 and 4 is due to the position 4 

being at a position close to the x-ray tube. 

 

Figure 4. Graph of scattered fraction vs. the height from the 

floor at position 1 of field size variation 

 

Figure 5. Graph of scattered fraction vs. the height from the 

floor at position 2 of field size variation 

 

Figure 6. Graph of scattered fraction vs. the height from the 

floor at position 3 of field size variation 

 

Figure 7. Graph of scattered fraction vs. the height from the 

floor at position 4 of field size variation 

 

Figure 8. Graph of scattered fraction vs. the height from the 

floor at position 5 of field size variation 
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Figure 9. Graph of scattered fraction vs. the height from the 

floor at position 6 of field size variation 

 
Figure 10. Graph of scattered fraction vs. the height from the 

floor at position 1 of caudal gantry tilt variation 

 
Figure 11. Graph of scattered fraction vs. the height from the 

floor at position 2 of caudal gantry tilt variation 

 
Figure 12. Graph of scattered fraction vs. the height from the 

floor at position 3 of caudal gantry tilt variation 

 
Figure 13. Graph scattered fraction vs. the height from the floor 

at position 4 of caudal gantry tilt variation 

 
Figure 14. Graph of scattered fraction vs. the height from the 

floor at position 5 of caudal gantry tilt variation 

 
Figure 15. Graph of scattered fraction vs. the height from the 

floor at position 6 of caudal gantry tilt variation 

 
Figure 16. Graph of scattered fraction vs. the height from the 

floor at position 1 of cranial gantry tilt variation 
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Figure 17. Graph of scattered fraction vs. the height from the 

floor at position 2 of cranial gantry tilt variation 

 
Figure 18. Graph of scattered fraction vs. the height from the 

floor at position 3 of cranial gantry tilt variation 

 
Figure 19. Graph of scattered fraction vs. the height from the 

floor at position 4 of cranial gantry tilt variation 

 
Figure 20. Graph of scattered fraction vs. the height from the 

floor at position 5 of cranial gantry tilt variation 

 
Figure 21. Graph of scattered fraction vs. the height from the 

floor at position 6 of cranial gantry tilt variation 

IV. CONCLUSION 

The scattered dose tend to increase with gantry tilt for all 

positions. Greater FPD size would lower the value of the 

scatter fraction of the dose and will minimize its scattered 

dose rate. The given data shown that the scattered levels are 

in the range of 0.001 (0.021 mGy/h) - 0.057% (1.954 mGy/h) 

from its primary dose at isocenter. From risk point of view, 

the genital organ of occupationals obtained highest scatter 

radiation during interventional procedures. 

 

 
Figure 22. Graph of % relative scattering vs. the height from 

the floor at position 3 of LAO gantry tilt variation 

 
Figure 23. Graph of % relative scattering vs. the height from 

the floor at position 4 of LAO gantry tilt variation 
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Abstract: The objective of this study is to measure the peripheral dose (PD) at different depths and 

field sizes using film dosimetry. PD of 6 MV Siemens Primus linear accelerator photon beam for 10 

cm square field and 2.5 cm diameter cone were measured at 1.5 cm and 10 cm depth, 100 cm source 

surface distance (SSD) with Kodak EDR2 film. PD for 10 cm square field and 2.5 cm cone were 

measured for the distance 1 cm to 5 cm from the geometric field edge. PD was calculated as a 

percentage of the central axis dose. The PD for both field sizes decreased with increasing distance 

from the beam edge. PD was also larger for 10 cm square field compared to 2.5 cm circular field for 

both depths. At 10 cm depth, the measured PD was 20% and 10% higher compared to that of 1.5 cm 

depth for 10 cm and 2.5 cm field size respectively. The PD for a given beam energy is a function of 

distance from the beam edge, field size and depth. At any depth measured, PD increases as the field 

size increases due to radiation scattered from the beam and scatter arising from within the medium. 

At deeper depth, more Compton electrons are produced and scattered to the peripheral region hence 

causes the PD to increase with depth. At any field size measured, peripheral dose increases as the 

depth increases. PD also increases as the field size increases. 

Keywords: Peripheral dose, EDR2 film 

 

 

I. INTRODUCTION 

Peripheral dose (PD) is the radiation dose received at 

points beyond the collimated radiotherapy field edge. In 

order to ensure that radiosensitive structures outside the 

treatment field do not receive doses approaching their 

tolerance levels, extensive knowledge of the magnitude and 

spatial distribution of the PD may be necessary [1]. 

Sources contributing to the total PD include the photon 

leakage from the treatment head of the machine, the scatter 

from the collimators and beam modifiers, and radiation 

scattered within the treatment volume [2]. 

Commercial treatment planning systems (TPS) should 

not be used to evaluate the risk of secondary cancer since 

they do not provide accurate modeling of peripheral dose. 

Differences up to 70% between TPS and Monte Carlo 

calculated PD was observed [3]. Another study shows that 

the TPS underestimated the PD by 28% to 40% as the 

distance from the treatment field increased and this 

underestimation was greater at shallow depths than at deeper 

depths. [4] 

PD received by radiosensitive structures, such as eye 

lens, contralateral breast, thyroid gland, ovaries, testes, and 

fetus, located outside the boundaries of the primary radiation 

field is of clinical interest and may lead to secondary health 

issues [5]. Second primary malignancies occurring after 

radio-oncologic treatment have become a major concern 

during the past decade. With major improvement of long-

term survival, longer follow-up, cancer registries and end-

result programs, it was found that the cumulative incidence 

of second primary malignancies could be as high as 20% of 

patient treated with radiotherapy [6]. 

Kodak EDR2 film is relatively insensitive to x-ray 

energy selection, easy to process, and field size and depth 

had little effect on the calibration curve [7]. 

The objective of this study is to measure the peripheral 

dose at different depths and field sizes using Kodak EDR2 

film. 

 

 

II. MATERIALS AND METHODS 

All irradiations were performed by using 6MV photon 

beam of the Siemens Primus linear accelerator (linac) in the  

30 x 30 x 20 cm3 solid water phantom. The linac is equipped 

with multi-leaf collimator. The output of the linear 

accelerator was calibrated using IAEA TRS-398 protocol in 

water phantom [8]. 

A. Film Calibration 

Kodak EDR2 films taken from the same batch were 

irradiated by 6 MV photon beam in the 30 x 30 x 20 cm3 

solid water phantom at the centre of 10 x 10 cm2 field size at 

depth of dose maximum (1.5 cm) with source to surface 

distance (SSD) of 100 cm. Calibration was carried out in 

perpendicular geometry for doses ranging from 25 cGy to 

500 cGy. An unexposed film was developed for background 

reading. The dependence of the EDR2 film on depth and 

field size was checked. All films were processed and 

analyzed with Vidar Dosimetry Pro Advantage film scanner. 

B. Measurement of Peripheral Dose 

The peripheral dose (PD) was calculated as the 

percentage of dose at any depth and distance from the beam 

edge for a given field size to the dose in the central axis at 

1.5 cm depth for the same field size. PD was measured using 

EDR2 film for distance 1 cm to 5 cm from the geometric 

field edge for 10 x 10 cm2 field and 2.5 cm circular field at 
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both 1.5 cm and 10 cm depths. All measurements were 

corrected for film depth and field size dependence. 

 

 

 

III. RESULTS AND DISCUSSION 

At any depth measured, PD increases as the field size 

increases due to the increased intensity of the primary photon 

beam. Higher intensity of the primary beam contributes to 

higher scattered radiation. The increment is higher for the 

distance closer to the beam edge and is due to the scatter 

within the phantom from the treatment beam [2]. 

Table 1 shows the measured peripheral dose for 10cm square 

field and 2.5 cm circular cone at different depths. 

Field size 10 cm x 10 cm 2.5 cm 

Distance from 

beam edge (cm) 

1.5 cm 

depth 

10 cm 

depth 

1.5 cm 

depth 

10 cm 

depth 

1 5.69 6.58 1.13 1.52 

2 3.67 4.63 0.25 0.74 

3 2.58 3.58 0.2 0.35 

4 1.99 2.67 0.19 0.23 

5 1.57 2.03 0.21 0.22 

 

Figure 1. The measured peripheral dose for 1.5 cm and 10 cm 

depth for 10 cm square field and 2.5 cm circular cone. 

Although the PD for both field size increases as the 

depth increases, the change is not as significant as the 

changes with field size. At deeper depth, internal (phantom) 

scatter dominates; causing the PD to increase with depth [9]. 

IV. CONCLUSION 

The peripheral dose for a given beam energy is strongly 

dependent on distance from the beam edge, field size and 

depth. The measured PDs for both field sizes and for both 

depths decrease approximately exponentially with distance 

from the field edge. At any depth measured, PD increases 

with increasing field size. The PD also increases as the depth 

increases for any field size. 
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Abstract: Various type of detector, such as ionization chamber, has been used in small field 

radiotherapy dosimetry. There is a limitation in detector’s dimension which can produce the 

volume averaging effect. Detector will average the measured dose because of fluence 

perturbation that happens in gas-filled cavity around detector’s active volume. Purpose of this 

study is to calculate volume averaging correction factor of some detectors. Volume averaging 

correction factor can be calculated using MATLAB based algorithm. The result shows that 

detector with the lowest volume averaging correction factor is SFD diode detector with volume 

averaging correction factor value is 1,0086 in 4 cm x 4 cm field size. Whereas GD-302 has the 

largest volume averaging correction, 1,6083 in 0,8 cm x 0,8 cm field size. The larger size of 

detector, the greater volume averaging correction factor will be produced. Therefore, detector 

with small enough dimension is required in order to minimize the effect of volume averaging. 

Keywords: volume averaging, small field, dosimetry, detector, radiotherapy 

 

 

I. INTRODUCTION 

Small field radiotherapy techniques, such as stereotactic 

or intensity-modulated radiation therapy, has been widely 

used in modern cancer treatment [1]. This radiotherapy 

technique uses small radiation field below 4 cm2. Small 

radiation field will produce beam that conforms to the 

tumour target, so the healthy tissue around target can be 

spared.  

Beside the advantages of using small field technique, 

there are some complications in small field radiotherapy 

dosimetry, for example source partial blocking that produces 

overlaping penumbra and the avaliability of detectors for 

dosimetry [2]. The output factor from LINAC will drop as 

the radiation field is getting smaller. The detector with large 

dimension will perturb the fluence on position of 

measurement [3]. The perturbation effect of detector is 

caused by the presence of gas-filled cavity inside detector 

resulting volume averaging effect [2]. 

GafChromic film is used in this study for calculating 

volume averaging correction factor and small beam 

characterization because GafChromic film is the best 

dosimeter for 2D dosimetry with high spatial resolution. 

II. MATERIALS AND METHODS 

A. GafChromic Film Calibration 

Calibration data was obtained by radiating film with nine 

fields, 4 cm2 field size with 1 cm gap between each field. The 

given dose for each field was varied from 0 cGy to 794 cGy 

[5]. 

Pixel value from each field was measured and converted 

to the determined gray value. The mean pixel value of each 

field was measured on MATLAB and plotted with the dose 

value (cGy). Afterwards, the calibration value was 

interpolated with the film pixel value for both PDD and beam 

profile calculation.   

B. PDD and Beam Profile Calculation 

To obtain the PDD curve for each radiation fields on 

MATLAB, pixel value of film has to be measured first and 

then interpolated with calibration value in the form of dose 

value (cGy). The maximum value of interpolated dose value 

was normalised to 100 % representing the value of relative 

dose. All interpolated values were plotted against the length 

of the film representing depth (cm) with X axis representing 

depth (cm) and Y axis representing dose (%). 

Similar process had been done in calculating beam 

profile on MATLAB. The additional process was the 

measurement of full width half maximum (FWHM) or actual 

field size. FWHM was obtained by measuring the gap 

between two points of 50 % relative dose on beam profile. 

C. Volume Averaging Correction Factor 
(VACF) Calculation  

VACF was determined by processing beam profile data 

on MATLAB. The pixel value of beam profile data was 

measured and interpolated with the calibration data. After 

being interpolated, the contour of all film pixel value 

representing the relative dose distribution was obtained.  

The relative dose distribution was used to calculate the 

value of volume averaging for each detectors. The value of 

volume averaging was calculated by inserting the 2D 

dimension of detector as a border on beam profile isocenter 

area. All the pixel values inside the dimension border were 

averaged to obtain the volume averaging value. Thus, the 

volume averaging correction factor can be calculated using 

equation:  

  

VACF = 1 / volume averaging value           (1) 
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III. RESULTS AND DISCUSSION 

A. Film Pixel Value Calibration  

Film pixel value calibration had been done on two 

softwares; MATLAB and ImageJ. The pixel value of 

exposed film was determined and converted into dose value 

(cGy). Figures 1 and 2 show the calibration curve that was 

obtained by using ImageJ and MATLAB-based algorithm.  

The calibration curve shows that the dose value will 

become smaller as the pixel value is getting greater. 

Polynomial equation for calibration data of 6 MV x-ray was 

obtained as 

 

y = -0,00008x3 + 0,0139x2 – 79,573x + 29587        (2) 

 

while the relation of pixel value (Y) and dose value (X) on 10 

MV x-ray can be expressed as 

 

y = -0,0001x3 + 0,186x2 – 92,339x + 30240             (3) 

 

 

 

Figure 1. Pixel value calibration curve 6 MV x-ray (MATLAB) 

 

Figure 2. Pixel value calibration curve 10 MV x-ray (ImageJ) 

B. Percentage Depth Dose (PDD) 
Calculation 

PDD was calculated using MATLAB-based algorithm 

and compared with PDD calculation using ImageJ for 

validation. The resulting PDD was also compared with the 

result of PDD calculation using pin-point microchamber 

detector (Nuruddin, 2012). 

1. 6 MV x-ray Beam PDD Calculation 

The depth of maximum dose (dmax), relative dose at 

depth 10 cm and 20 cm (D10 and D20), dose ratio at D10 and 

D20, and tissue phantom ratio (TPR20,10) of the calculated 

PDD was analyzed. TPR20,10 is the absorbed dose ratio at 

depth 20 cm and 10 cm in water phantom measured  with 100 

cm SSD and 10 cm x 10 cm field size parallel with the 

detector [7]. TPR also represents the curve derivation 

exponentially after depth of maximum dose. The equation of 

TPR20,10 on 10 cm x 10 cm field size is: 

 

TPR20,10  = 1,2661 x D20,10 – 0,0595                     (4) 

 

The value of TPR20,10 for small field had been 

determined by Sauer et. al.: 
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with the value of b1 is -0,208, b2 is 1,213, A1 is 0,625, A2 is – 

0,679 and t is 19,5. 

 

The value of dmax tends to move toward surface when the 

field size is getting smaller [6]. But on Table 1 shows the 

tendency of dmax depending on the field size does not move 

consistently toward the surface. The inconsistency of dmax is 

caused by the presence of high data ripple that affects the 

normalising process of relative dose value. The use of high 

resolution (300 dpi) when scanning the GafChromic film 

causes quite much ripples. 

 

 

 

Figure 3. PDD curve (field size 0,8 cm2, 6 MV x-ray). 
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Figure 4. PDD curve (field size 3,2 cm2, 6 MV x-ray). 

Table 1. dmax and TPR20,10 PDD GafChromic film analysis 

(MATLAB) 

 

Table 2. dmax and TPR20,10 PDD GafChromic film analysis 

(ImageJ) 

 

Table 3. dmax and TPR20,10 PDD micro chamber analysis 

 

Table 2 also shows the inconsistency of dmax movement 

tendency depending on field size. But dmax tends to move 

toward surface as field size is getting smaller (calculation 

with MATLAB, ImageJ and micro chamber). 

 

The result of TPR20,10 calculation, shown in Tables 1 and 

3, is quite similar with value range between 0,60 to 0,64. It 

shown that the accuracy of calculation on MATLAB is 

acceptable. But the calculation with ImageJ is not quite 

similar to MATLAB and micro chamber bercause of the 

interpolation order on ImageJ is smaller than MATLAB. 

The mean relative error on TPR20,10 calculation (refering 

to Sauer et. al.) for MATLAB is 2,28 %, ImageJ is 14,58 % 

and micro chamber is 0,64 %. 

2. 10 MV x-ray Beam PDD Calculation 

Tables 4 and 5 shows the tendency of dmax movement 

toward surface as the field size becomes smaller. But there is 

a incongruity dmax value at field size 1,6 cm2. It is caused by 

the presence of ripple on the curve that affects the 

measurement. 

 

 

 

Figure 5. PDD curve (field size 0,8 cm2, 10 MV x-ray) 

 

Figure 6. PDD curve (field size 1,6 cm2, 10 MV x-ray) 

Table 6 shown the consistency of dmax value in each field 

size. But that is not matched with Tables 4 and 5 which dmax 

tends to move toward the surface when the field size is 

getting smaller.   

The result of TPR20,10 on Tables 4, 5, and 6 shown 

consistency value range between 0,63 to 0,74. Therefore, the 

results of calculation using all three methods are quite 

similar. 

The mean relative error on TPR20,10 calculation (refering 

to Sauer et. al.) for MATLAB is 5,18 %, ImageJ is 4,31 % 

and micro chamber is 1,45 %. 

Field 

Size  

(cm) 

dmax     

(cm) 

D10  

(%) 

D20  

(%) 

D20,10   

(%) 

TPR20,10 

(Sauer) 

(%) 

TPR20,10    

(%) 

0,8 0,74 46,39 15,8 0,34 0,62 0,46 

1,6 1,23 55,58 24,33 0,44 0,63 0,56 

2,4 1,42 54,86 23,93 0,44 0,63 0,56 

3,2 1,69 56,94 26,66 0,47 0,64 0,59 

4 1,5 58,14 23,7 0,41 0,64 0,53 

Field 

Size 

(cm) 

dmax     

(cm) 

D10   

(%) 

D20    

(%) 

D20,10 

(%) 

TPR20,10 

(Sauer)  
(%) 

TPR20,10     

(%) 

0,8 1,41 46,49 24,06 0,52 0,62 0,64 

1,6 1,01 55,68 26,58 0,48 0,63 0,60 

2,4 1,47 51,76 26,1 0,50 0,63 0,62 

3,2 1,66 56,2 28,57 0,51 0,64 0,63 

4 1,31 56,07 30,06 0,54 0,64 0,65 

Field 

Size 

(cm) 

dmax    

(cm) 

D10   

(%) 

D20  

(%) 

D20,10 

(%) 

TPR20,10 

(Sauer) 

(%) 

TPR20,10      

(%) 

0,8 0,99 62 33,1 0,53 0,62 0,65 

1,6 1,98 58,7 29,8 0,51 0,63 0,63 

2,4 0,99 60,3 30,8 0,51 0,63 0,63 

3,2 1,98 59,8 30,7 0,51 0,64 0,63 

4 1,98 61,8 32,1 0,52 0,64 0,64 
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C. Beam Profile Calculation 

The calculation of beam profiles with various radiation 

fields has been done in this work. Beam profiles were 

obtained with MATLAB-based algorithm. 

1. 6 MV x-ray Beam Profile   

The result of 6 MV x-ray beam profile for each radiation 

fields is displayed on Table 4. Full Width Half Maximum 

(FWHM) represents the exact radiation field size. The mean 

deviation of the measured FWHM to the field size is 7,04 %. 

Whereas the mean deviation value from previous researcher 

(Nurrudin, 2012) is 2,3 %.  

 

Figure 7. Beam Profile (0,8 cm2; 6 MV) 

 

Figure 8. Beam Profile (1,6 cm2; 6 MV) 

The result of penumbra measurement shown that the size 

of penumbra will get longer when the field size gets larger. 

The longer penumbra means there are numerous scattered 

radiation produced by large radiation field. 

2. 10 MV x-ray Beam Profile 

The result shown that the mean deviation of FWHM is 

4,58 % while the previous research was 1,36 %. The 

difference is caused by the use of two different methods 

which are MATLAB and ImageJ. The penumbra 

measurement also shown the tendency of penumbra gets 

longer when field size is getting larger. 

 

 

Figure 9. Beam Profile (0,8 cm2; 10 MV) 

 

Figure 10. Beam Profile (2,4 cm2; 10 MV) 

Table 4. 6 MV Beam Profile FWHM (field size) and Penumbra  

 
 Result (MATLAB) Nurrudin (2012) (ImageJ) Nurrudin (2012) (ppmc) 

Field Size (cm2) 
FWHM          

(cm) 
Penumbra (mm) 

FWHM                      

(cm) 
Penumbra  (mm) FWHM (cm) Penumbra (mm) 

0,8 0,68 3,18 0,83 3,9 0,70 2,4 

1,6 1,49 3,77 1,64 4,4 1,53 2,5 

2,4 2,29 3,89 2,36 3,0 2,36 4,8 

3,2 3,04 4,06 3,26 4,0 3,13 2,6 

4 3,85 5,17 3,92 3,1 4,00 3,2 

 

1,6 cm Beam Profile (6 MV) 
2,4 cm Beam Profile (10 MV) 

0,8 cm Beam Profile (10 MV) 
0,8 cm Beam Profile (6 MV) 

Displacement (cm) 
Displacement (cm) 

Displacement (cm) 
Displacement (cm) 
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D. Volume Averaging Correction Factor 
Calculation 

Figure 11 and Figure 12 shown that the larger radiation 

field size, the volume averaging correction factor is nearly 

one. In large field size there was no overlapping penumbra 

read on dosimeter. The volume averaging correction factor 

will rise if the radiation field size got smaller. The fluence 

reading will be averaged by the dosimeter if the dimension of 

field size is very small. Therefore, the size of dosimeter must 

be smaller than the radiation field size in order to decrease 

the volume averaging effect. 

 

Figure 11. 6 MV Volume Averaging Correction Factor 

 

Figure 12. 10 MV Volume Averaging Correction Factor 

Dosimeter with the highest volume averaging factor in 

the smallest field size was GD- 302M. The dosimeter has 1,5 

mm x 12 mm dimension.  

The volume averaging correction factor of this dosimeter 

is up to 1,6083. The SFD diode dosimeter has the smallest 

volume averaging correction factor which is up to 1,0833. 

The dimension of SFD diode is 0,95 mm x 0,95 mm. 

Therefore, the SFD diode is the most effective dosimeter for 

small field dosimeter. 

IV. CONCLUSION 

The basic algorithm for PDD, beam profile and volume 

averaging correction factor has been successfully developed 

based on the comparison of the previous research. The 

volume averaging correction factor will rise if the radiation 

field size is getting smaller. SFD diode dosimeter has the 

smallest volume averaging correction factor which is up to 

1,0833, whereas the largest volume averaging correction 

factor, up to 1,6083, is on GD-302 M dosimeter. 
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Table 5. 10 MV Beam Profile FWHM (field size) and Penumbra  

Result (MATLAB) Nurrudin (2012) (ImageJ) Nurrudin (2012) (ppmc) 

Field size 

(cm2) 
FWHM          (cm) 

Penumbra 

(mm) 

FWHM                      

(cm) 

Penumbra 

(mm) 

FWHM 

(cm) 
Penumbra (mm) 

0,8 0,71 3,51 0,77 3,8 0,74 2,6 

1,6 1,54 3,64 1,61 3,8 1,53 2,2 

2,4 2,33 5,33 2,37 2,8 2,32 2,6 

3,2 3,12 5,33 3,23 4,6 3,11 2,5 

4 3,90 5,33 3,99 5,9 3,90 3,3 

 

VA Correction Factors (10 MV) 

VA Correction Factors (6 MV) 
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ENTRANCE SKIN DOSE MEASUREMENT USING GAFCHROMIC DOSIMETRY 

FILM FOR ADULT PATIENTS UNDERGOING CORONARY ANGIOGRAPHY (CA) 

AND PERCUTANEOUS TRANSLUMINAL CORONARY ANGIOPLASTY (PTCA) 
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Abstract: The complexity of interventional procedures has led to increasingly longer procedure time 

that require significant fluoroscopic use. Fluoroscopy time is proportional to the patient dose. Once a 

threshold dose has been exceeded, the severity of the radiation effect at any point on the skin 

increases with increasing dose. The threshold dose for transient skin injuries is typically 2 Gy for 

erythema, the earliest detectable effect of radiation on the skin. Therefore, it is important to monitor 

radiation entrance exposure to the patients. Since it is not uncommon that a patient not only perform 

a single examination, the skin dose per examination is recommended to note if in the future radiation 

effect on the patient's skin arises. The skin dose records will help further treatment. The aim of this 

study is to evaluate patient dose in interventional radiology. Twenty one cardiac intervention 

procedures were studied: 12 coronary angiography (CA) dan 9 percutaneous transluminal coronary 

angioplasty (PTCA). The entrance surface dose were measure using DAP (dose-area product) and 

GafChromic XR-RV3 radiochromic film attached to the skin. GafChromic film measurement 

obtained the skin dose distribution on the back of the coronary area. In addition, we also measure the 

patient backscattering dose on the thyroid, gonad and eyes. Image analysis was performed using red 

channel component of standard RGB (red, green and blue) color space image. The correlation 

between maximum radiation surface dose and dose area product for two interventional procedures 

was investigated. We found a good correlation of DAP (dose-area product) and maximum entrance 

skin dose (R2 = 0.79, R2 = 0.52 for CA and R2 = 0.74 for PTCA). However, fluoroscopy time seems 

to have a poor relationship with the patient entrance surface dose (R2 = 0.43). The total irradiation 

time, DAP and entrance surface dose for PTCA procedures is higher than CA procedures because of 

the PTCA procedure is more complex. The entrance surface dose delivered to the patient can be 

easily measured when GafChromic films are used. The GafChromic dosimetry allows precise 

mapping of the skin dose distribution, when placed close to the skin. The GafChromic film results 

that the radiation dose to the surface for PTCA procedure greater than CA. 

Keywords: interventional radiology, entrance skin dose, angiography, angioplasty, GafChromic 

 

 

I. INTRODUCTION 

Nowadays, interventional radiology techniques and the 

equipment are more advanced, but the possibility of patients 

exposed to high radiation doses cannot be avoided. This, of 

course, can lead to deterministic and stochastic effects of 

radiation exposure. Symptoms of radiation effects are 

commonly found in patients with long fluoroscopy time. The 

effect of radiation on the body that occurs after a dose 

threshold is exceeded on the portion of the patient’s skin, the 

severity on injury at that point increases with increasing dose, 

called deterministic effects [1]. 

Short-term effects that may occur from interventional 

cardiology procedures is the appearance of erythema (redness 

symptoms of skin tissue) and necrosis (tissue death) of the 

skin [5]. Radiation effects at any point on the skin equivalent 

the doses of that point. Reducing the maximum skin dose can 

reduce the likelihood and type of skin injury, such as 

minimizing fluoroscopy time and number of cine, and 

controlling technical factors. Levels of skin damage caused 

by radiation depends on several factors which include the 

type of radiation, the radiation dose rate, the radiation-

exposed area of the skin and the skin characteristics. Since 2 

Gy is used as the threshold for early detection of the radiation 

effect on the skin, the management of patient dose is 

important. However, the actual threshold dose of radiation 

required to cause skin damage varies among individuals, 

influenced by the level of individual biological radiation 

sensitivity and the disease that causes the skin to be more 

sensitive to radiation such as diabetes, genetic disease ataxia 

telangiectasia and connective tissue disorders [2]. 

Radiographic film is a method for dose monitoring 

during fluoroscopy and it can be used over a broad area [6]. 

The dosimetry film, GafChromic XR-RV3 is specially 

designed for measuring skin dose distribution using 

fluoroscopy in interventional procedures, with the size of 14" 

x 17" with the energy range 30 keV - 30 MeV (ISP 

GafChromic). From measurement, it was obtained skin dose 

distribution and maximum skin dose at the back area of the 

body, especially the coronary areas and organ at risk doses. 

Color change in the film can be measured with GafChromic 

dosimetry densitometer, scanner or spectrophotometer. 
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In interventional radiology, patient dose and estimation 

of effective dose can be obtained from measurements of the 

dose-area product (DAP) [3,4]. Based on that investigated the 

correlation between DAP and entrance skin dose, we also 

evaluated the relationship between DAP value and maximum 

skin dose in GafChromic. 

II. MATERIALS AND METHODS 

The study was carried out from April to May 2013 in the 

cardiac catheterization lab, National Cardiovascular Center, 

Harapan Kita Hospital, and included 20 patients who 

underwent interventional cardiology procedures.  

Measurement procedure was limited in adult patients 

Coronary Angiography (CA) and Percutaneous Transluminal 

Coronary Angioplasty (PTCA), respectively, 10 patients with 

a variety of radiation field size, the number of frames and 

fluoroscopy time. The doses was influenced by the 

fluoroscopy time, thickness of patient, the field size and the 

number of radiographic frames.  

 

Figure 1. Measurement method 

Cath lab room 1, 3 and 5 (R1, R3 and R5) were used for 

this study. Room 1 and 3 uses the Philips Integris Allura 

Xper FD10 (Philips medical systems) while Room 5 uses 

Innova (General Electric, Milwaukee WI, USA). While in 

use, fluoroscopy device’s voltages and currents are regulated 

by a system of automatic exposure control (AEC). For each 

examination we recorded the fluoroscopy time, DAP value, 

number of sequences and cine frames per sequences, dose 

rate and field size. All procedures were carried out by 

invasive cardiologist. 

Patient dosimetry measurements were performed using 

dose-area product (DAP) and the GafChromic XR-RV3 

radiochromic film. It used Diamentor M4 system (PTW 

Freiburg), which includes a transmission ionization chamber 

attached to the collimator exit port of the x-ray tube, placed 

perpendicular to the beam central axis and located around the 

area to intercept the x-ray beam. Radiation dose is measured 

from the contribution fluoroscopy and cine radiography. 

Different from dap, GafChromic  method only provides dose 

data post procedurally and therefore, this method may be 

more advantageous when used with other monitoring 

methods to better determine the actual area of exposure 

because it placed attached to the skin [6].   

Because of the sensitivity of the organs to radiation 

varies, organs and tissues of the body has a different 

radiation dose threshold. Group of organs that are very 

sensitive to radiation than the skin such as gonad, thyroid, 

and eye. Therefore, in this study we also measured skin 

entrance dose to the gonads, eye and thyroid patients, also 

using GafChromic. Entrance skin dose measurement  used 

GafChromic film in dimension 17'' x7''. As for the risk of 

organ dose measurements used for thyroid and gonads are 

5x5 cm and for eye 2x2 cm. 

Twenty consecutive patients cardiac intervention 

procedures were studied: coronary angiography and 

percutaneous transluminal coronary angiography. For 

entrance skin dose measurement, 5 coronary angiography (3 

men, 2 women) and 6 PTCA patients (11 men, 4 women) 

were used. For organ at risk: eyes, gonad and tiroin 

measurements, we were used all patients (14 men, 6 women). 

III. RESULTS AND DISCUSSION 

A. DAP Conformance Test 

To ensure that DAP in fluoroscopy work accurately, 

necessary to test the suitability of DAP in advance. DAP 

conformance testing is done by finding the DAP calibration 

factors used by the DAP has been calibrated. Therefore, the 

measurement used three different fluoroscopy in three 

different rooms, performed DAP conformance testing on 

each room.  

Table 1 shows the value of the DAP calibration factor is 

obtained. Each calibration factor of the rooms is different, 

1.12; 1.24; 1.64 for R1, R3 and R5, respectively. The 

maximum DAP calibration factors is in R5 (room no. 5), 

indicating that the lowest accuracy of DAP at room no. 5. Of 

all the DAP calibration factors, it is known that the DAP in 

the three rooms need to be recalibrated, especially room no. 

5, which presented the highest calibration factor of 1.64.  

Table 1. DAP calibration factors of each room 

DAP R1 1.1156 

DAP R3 1.240 

DAP R5 1.64 

B. Patient Data Analysis 

Of the total 11 patients who underwent entrance surface 

dose measurements, 5 CA and 6 PTCA, the data 

measurement obtained in Table 2. The data consists of 

irradiation factor, total fluoroscopy time and total DAP for 

each examination.  

Total fluoroscopy time was the total of fluoroscopy and 

cine time. The total fluoroscopy time varied for each patient 

and was affected by several factors such as the complexity of 

the procedure, the type of procedure, the structural 

characteristics of the patient's anatomy, and work experience 

the interventionist.  
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Complexity of the procedure allows the use of multiple 

projections needed to do varying illumination geometry. This 

can be seen in Figure 2, the post-irradiation GafChromic 

films in the measurement of patient no. 8, beam irradiation 

on the film looks not only at one area but some areas, in fact, 

there is absence of field overlapping. The use of projection 

geometry is to avoid the buildup of radiation dose at only one 

point / area that can lead to the possibility of erythema when 

cumulative doses exceed the dose limit of 2 Gy. In a single 

procedure conducted, the FDA (Food and Drug 

Administration) suggest that the cumulative dose at a point 

not more than 1 Gy.  

Of each procedure, total DAP values constitutes the 

combined fluoroscopy dose and cine contribution. For 

imaging optimization, each patient’s radiation factor tube 

voltage and current are varied. This is because in the cardiac 

catheterization, the use of kV and mA is set automatically by 

the ABC (Automatic Brightness Control) based on the 

thickness of the patient's body. The differences of the body 

thickness produces backscattering radiation which is also 

different. The thicker the body, backscattered dose will be 

greater. The greater backscattered radiation certainly raise the 

entrance surface dose. 

  

Figure 2. Post-irradiation films of patients no. 8 and 11 

From Table 3, note the value of the maximum ESD for 

each examination. The maximum ESD values characterized 

in bold, for CA procedures was 29.54 cGy whereas PTCA 

was 208.06 cGy. Entrance dose of 208.06 Gy is clearly 

dangerous for patients because it has exceeded the threshold 

of the radiation effects erythema (redness symptoms of the 

skin). Therefore, the hospitals are encouraged to give special 

attention to cardiac catheterization especially PTCA. 

Catheterization team expected to record the medical data of 

the radiation dose received by the patient so that when later 

the biological radiation effects occur in patients can be dealt 

with appropriately. 

After the films were analyzed using Matlab software, the 

entrance surface dose distribution as shown in Figures 10 and 

11. Figure 10 shows dose distributions of patient no. 8 with a 

total fluoroscopy time 28.22 min, DAP 321.49 Gy.cm2 and 

the maximum entrance dose 208.06 cGy. Figure 11 shows 

dose distributions of patient no. 11 with a total fluoroscopy 

time 46.38 minutes, DAP 265.50 Gy.cm2 and maximum 

entrance dose 92.97 cGy. From the differences in both 

fluoroscopy exposure duration, even though the patient no. 

11 had longer fluoroscopy time than patients no. 8, but the 

maximum entrance doses patients no. 8 was greater. It is 

informed that the total fluoroscopy time was not the only one 

of factor that influences the patient's entrance dose. 

In Table 3 is also known that the PTCA procedure 

average of the total fluoroscopy time is higher (23.32 min) 

than in CA (17.08 min). Neither the average of DAP and 

average of maximum ESD, for both greater in PTCA 

procedures (195.26 Gy.cm2 and 93.02 cGy) than CA (72.73 

Gy.cm2 and 34.88 cGy). In the PTCA procedure, the DAP 

and ESD is greater than CA because of PTCA is more 

complex; it does not only look at the position of the heart 

artery blockage but also open the blockage treatment with / 

without stent. As a result of course fluoroscopy time in the 

PTCA procedures are longer than the CA, so the DAP and 

ESD will be greater in PTCA procedures. 

From the graph of the correlation between the maximum 

entrance dose and total fluoroscopy time in the procedure CA 

(Figure 4) shows that the linearity less significant (R2 = 0.24) 

or it can be said that the relationship is not linear. Likewise 

PTCA procedures (Figure 5), both linearity relationship was 

not significant (R2 = 0.27). However, when seen from the 

whole procedure (Figure 6), the correlation between 

Table 2. Measurement data of CA and PTCA procedures 

No. of patient Procedure Sex Weight [kg] 
Exposure Factors 

Total fluoroscopy time [min] Total DAP [cGy.cm2] 
kV mA ms 

1 CA P 38 67 351 4 12.78 2806 

2 CA L 65 85 878 7 12.25 9614 

3 CA L 70 96 6 5 10.38 7662 

4 CA L 73 80 897 8 6.95 3544 

5 CA L 72 80 18.7 6 5.62 2671 

6 PTCA P 58 72 704 6 20.83 15184 

7 PTCA L 65 100 11.9 7 8.55 5320 

8 PTCA L 62 86 18.5 7 28.22 25926 

9 PTCA L 61 100 12.8 6 29.48 19303 

10 PTCA L 52 80 17.2 7 6.47 5556 

11 PTCA P 51 78 18.2 7 46.38 16219 
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maximum entrance dose and total fluoroscopy time was more 

significant (R2 = 0.43). From this information, it can be seen 

that although the correlation between entrance surface dose 

with the fluroscopy time is less linear (R2 = 0:43), the 

increase of fluoroscopy time tended to increase the entrance 

surface dose. 

 

Figure 4. The correlation between MESD and total fluoroscopy 

time for CA 

Figure 7 shows the correlation between the DAP and 

maximum entrance surface dose for CA procedure. Although 

both of them shown less linear relationship (R2 = 0.52), but it 

appears that DAP tend to increase with increasing the 

entrance surface dose. While the correlation of DAP and 

maximum entrance surface dose for PTCA procedure (Figure 

8), the relationship has more significant linearity (R2 = 0.74). 

The graph of DAP and maximum entrance surface dose for 

the entire procedure (Figure 9) shows a significant 

relationship (R2 = 0.79). This graph informs that the increase 

the entrance surface dose is directly proportional to increase 

in DAP. This is because the DAP is air Kerma dose from 

source multiplied with the field of radiation, while the dose 

entrance is the total the air Kerma dose and backscattered 

dose. So both of them has directly proportional relationship. 

Table 4. Mean values for DAP, the maximum ESD and total 

fluoroscopy time 

Procedure 
Mean DAP 

[Gy.cm2] 

Mean MESD 

[cGy] 

Mean total 

fluoroscopy time 

[min] 

CA 72.73 34.88 17.08 

PTCA 195.26 93.02 23.32 

 

 

Figure 5. The correlation between MESD and total fluoroscopy 

time for PTCA 

 

Figure 6. The correlation between MESD and total fluoroscopy 

time 

Table 3. DAP and maximum ESD measurable 

Patient Procedure Total fluoroscopy time [min] DAP corrected MSED [cGy] 

1 CA 12.78 3130.60 19.83 

2 CA 12.25 11921.36 75.9 

3 CA 10.38 12543.84 33.2 

4 CA 6.95 4395.68 29.54 

5 CA 5.62 4372.43 15.93 

6 PTCA 20.83 18828.78 62.40 

7 PTCA 8.55 6597.05 52.49 

8 PTCA 28.22 32148.98 208.06 

9 PTCA 29.48 23935.84 118.27 

10 PTCA 6.47 9095.17 24.94 

11 PTCA 46.38 26550.50 91.97 
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Figure 7. The correlation between DAPand MESD for CA 

 

Figure 8. The correlation between DAP and MESD for PTCA 

 

Figure 9. The correlation between DAP and MESD for PTCA 

C. Organ At Risk Dose 

The entrance surface dose measurements on the Organ at 

Risk (gonadal, thyroid and eye) was performed in 21 patients 

undergoing cardiac catheterization. Overall  patients 

observed were 12 CA and 9 PTCA. ESD is recorded in Table 

5. Entrans dose is the backscattering radiation dose because 

the point are not on the primary radiation beam. Entrance 

dose distribution for all patients can be seen in Figure 7, 

displayed entrance dose on eyes, gonads and  

 
 

Figure 10. Radiation dose distribution of patient no. 8 (left) and 

patient no. 11 (right) 

thyroid. Each patient received a different entrance dose of 

OAR. For the eye, the highest dose is 2.63 cGy in the patient 

no.4. As for the gonads and thyroid, the highest entrance 

dose received by the patient no. 10, 2.93 cGy and 3.67 cGy. 

Overall the thyroid received the highest of backscattering 

dose (2.34 cGy) compared to the gonads (1.83 cGy) and eyes 

(1.49 cGy). This is because the location of the thyroid that is 

closest to the heart so that it gets the maximum 

backscattering radiation. 

 

Table 5. ESD on gonadal, thyroid and eye 

Patient  
Exposure factor Entrance Dose [cGy] 

kV mA ms Eye Gonadal  Thyroid 

1 79 867 7 2.53 2.67 3.25 

2 74 17 7 0.67 1.99 2.75 

3 81 899 7 0.97 1.85 2.75 

4 98 19 7 2.63 2.63 3.15 

5 93 19 7 1.67 2.21 1.85 

6 81 70 5 0.49 0.18 2.05 

7 68 394 5 0.31 1.50 2.10 

8 81 19 7 2.16 1.45 3.68 

9 83 19 7 0.23 1.70 2.68 

10 78 19 7 1.08 2.93 3.67 

11 67 351 4 1.82 1.57 1.11 

12 72 704 6 1.25 2.46 1.41 

13 85 878 7 0.55 2.63 3.03 

14 100 12 7 2.36 2.66 1.65 

15 86 19 7 1.65 1.19 2.09 

16 96 6 5 2.45 2.45 2.02 

17 80 897 8 0.79 2.29 2.60 

18 100 13 6 2.35 2.65 2.61 

19 80 19 6 1.12 0.00 2.20 

20 80 17 7 2.59 1.00 1.81 

21 78 18 7 1.68 0.36 0.63 

Mean 1.49 1.83 2.34 
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IV. CONCLUSION 

The entrance surface dose delivered to the patient can be 

easily measured when GafChromic films are used. The 

GafChromic dosimetry allows precise mapping of the skin 

dose distribution when placed close to the skin. The 

GafChromic film results that the radiation dose to the surface 

for PTCA procedure greater than CA. 
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I. INTRODUCTION 

This author kit is designed to assist authors in preparing 

their submission to Journal of Medical Physics and 
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expected by the board of editor for the final version of 

papers. Final submissions not following the required format 

will be returned to the authors for modification and 

compliance. 

One can simply edit the document you are now viewing. 

Formats of paper components are available as styles along 
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II. MATERIALS AND METHODS 

This section provides information on how submitted 

papers should be arranged technically. It also serves as an 

exact example for writing. 

A. Submission method 

Colleagues who wish to publish their works should 

submit the full manuscripts (maximum 10 pages). Journal of 

Medical Physics and Biophysics is issued on February and 

August annually.  

Authors must submit their work electronically, by 

electronic mail after completing online submission 

procedure. The acceptable formats are Microsoft Word for 

Windows (any version) or RTF (Rich Text Format). No PDF 

format is to be accepted for submitting. 

B. Submission steps 

 Download the file “Writing Guideline for 

Authors.docx” from the web site http://jmpb.org. 

Open the file with MS word 2007 or later version.  

 Modify the file. Replace the existing text (e.g. title, 

authors, text, figure, table, references etc.) with your 

text. Papers should be maximum ten pages. 

 Rename the final paper file using a new name. The 

final paper filename should have the following name: 

Author.doc where Author is the corresponding 

author’s name and doc denotes that the document is 

in MS Word. 

 Complete the online submission procedure found at 

http://jmpb.org after registering yourself as author. 

 Any inquiry should be addressed by e-mail to 

editor@jmpb.org.  

The remaining of this document describes the format 

requirements to which final accepted contributions should 

adhere. 

C. General organization of the paper 

It is recommended that Scientific Papers have explicit 

sections for Introduction, Material and Methods, Results and 

Discussion, Conclusion, and Acknowledgements (when 

applicable).  

D. Document format 

A number of paragraph styles have been created to 

facilitate the formatting of the document. If using Microsoft 

Word, this template will help in matching the requirements 

for the submissions. 

The paper size is A4 (210 x 297 mm), double-column 

format with a 0,5” margin at all sides. Spacing between 

columns is 0,3”. Lines are single spaced, justified. Do not 

number the pages and do not include references to page 

numbers in the text. 

1. Headings 

Use only a maximum of three levels of heading as 

follows: 

 Level 1 – 13 pt, Arial bold, left-aligned, sentence 

case, roman numerical-numbered 

 Level 2 – 12 pt, Arial italics and bold, left-aligned, 

sentence case, capital latin-numbered 

 Level 3 – 10 pt, Times New Roman, bold, left-

aligned, sentence case, arabic-numbered. 
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Use bullets as in the next section. Ensure that page 

breaks do not come between any heading and the next level 

of sub-heading or first line of body text after the heading (in 

Word, use paragraph formatting of ‘Keep with next’ for Line 

and Page Breaks on heading lines). When MS. Word is used, 

authors are encouraged to follow the formatting (styles) for 

corresponding paragraph parts and components. 

2. Body text 

The font used throughout the paper is Times New 

Roman 10 pt. Standard paragraph has no space both before 

and after the paragraph. Do not include extra paragraphs 

between lines. Body text format applies under all headings. 

All spacing must be set at an increment of 12 pt.  

3. Bullets 

There are two levels of allowed bulleting: 

 This is the first bullet level. Font is Times New 

Roman 10 pt, with no space before and after the 

paragraph. Paragraph is hanging by 0,48 cm and text 

starts at 0,67 cm from the margin. 

 This is a sub-bullet level. Font is Times New 

Roman 10 pt, with no space before after the 

paragraph. Paragraph is hanging by 0,4 cm and 

text starts at 1,19 cm from the margin.  

For texts requiring additional bullets level to be created, 

a table showing the complete data is advisable rather than the 

use of multiple bullets. 

4. Tables 

Tables are sequentially numbered in numeric fashion 

with the table number and the title above the table. Caption 

font is Times New Roman 9 pt bold, with no space before 

and 12 pt space after the paragraph. Include a paragraph 

immediately after the table to separate it from the following 

text or heading. 

Tables should be centred in the page. Font is Times New 

Roman 9 pt, with 6 pt space before and 6 pt space after the 

paragraph. Table column headings should still use the same 

style but be bold. Tables are referred to in the text by the 

table number as shown in Table 1. When necessary, tables 

can be made wide accross the two columns.  

Table 1. Summary of formatting rules 

Object Font Align 

Paper Title  14 pt Arial, bold, upper Chase Left 

Abstract Times New Roman font, 10 pt Justified 

Text body  10 pt Times New Roman, 

sentence Chase 

Justified 

Heading 1  12 pt, Arial bold, left-aligned, 

sentence case, roman  

numerical-numbered 

Left 

Heading 2  11 pt, Arial italics and bold, left-

aligned, sentence case,  

capital latin-numbered 

Left 

Heading 3 10 pt, Times New Roman, bold, left-

aligned, sentence case 

Left 

Bullet Times New Roman 10 pt Justified 

Sub-bullet Times New Roman 10 pt Justified 

5. Figures 

Figures are sequentially numbered in numeric fashion 

with the table number and the title below the figures. Caption 

font is Times New Roman 9 pt bold, with no space before 

and 12 pt space after the paragraph.  

Figures should be centered in the page. The size of the 

figure must be kept proportional (not stretched) and span at 

exactly the column’s width (8,72 cm). Font is Times New 

Roman 8 pt, with adjustable (increment of 12) space before 

and fixed 12 pt space after the paragraph. Figures are referred 

to in the text by the figure number. Figure 1 shows an 

included object.  

Detailed recommendations for figures are as follows: 

Ensure that figures are clear and legible. Black & white only 

is allowed. Hard copy illustrations should be scanned and 

included in the electronic version of the submission in an 

appropriate manner.  

Acceptable formats as follows: 

 BMP - Microsoft bitmap file 

 WMF - Windows Metafile Format 

 JPG - JPEG File Interchange Format 

 TIF - Tagged Image File Format 

 GIF 

 PNG 
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 Microsoft Graph 
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 VISIO Draw 
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with the equation number and no title above or below the 

equation. Equations to be identified with bracketed decimal 

number right-justified after the equation. Should this is 

impossible (equation too long), bracketed denotation to be 

made in the same fashion right below the equation. 

Font is Times New Roman 9pt bold, with 24pt space 

before and 24pt space after the paragraph. Should the 

equation spans longer that the spaces are cutting the 
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equation’s top or bottom side, the spacing must be modified 

into any increment of 12 to maintain vertical alignment 

between inter-column lines. 
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7. References 

All publications cited in the text should be included in a 

list of references as the last section of the paper. Within the 

text, references must be denoted by placing number of 

appearance order between square brackets [1].  

Two or more different references addressing the same 

ideas should be indicated by putting all references between a 

pair of square brackets, separated by comma [2,4,6,7]. Order 

of appearance should be made on the references section. 

List of references should serve as an enclosure for the 

entire paper. The format accepted for publication is a 

modified APA format, where they are being numbered by the 

order of appearance rather than sorted alphabetically without 

number as the original APA style is. 

III. RESULTS AND DISCUSSION 

Submissions for Full Paper will be reviewed by the 

board of reviewers. Reviewers will use a standardized form 

for review. Evaluation will stress the originality of the 

submission, the contribution to medical physics and 

biophysics field, the clarity of exposition and the adequacy of 

references to relevant work.  

All accepted papers will appear on the website of the 

Journal of Medical Physics and Biophysics. Printed version 

can be requested by sending an inquiry to editor@jmpb.org 

mentioning the issue number or subscription request. Authors 

may wish to include a letter to the Editor with their final 

submission if the final Full Paper makes a major deviation 

from these expectations. 

IV. CONCLUSION 

A detailed conclusive remarks should be included in this 

section. Further recommendation and statements may also be 

involved. 
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I. Overview 

OJS exists to serve Authors as well as journals. Not only 

does OJS provide an easy-to-use submission process, it can 

collect and disseminate key information about Authors and 

their work across important research and citation databases, 

including Google Scholar, PubMed, the Directory of Open 

Access Journals, and others. 

As an Author, your tasks include submission; submitting 

revised copy; copyediting; and proofreading. To make a 

submission, you must have a user account and be enrolled as 

an Author. User accounts can be created by registering 

yourself. Once you have an account, log in to the journal site 

and select the role of Author.  

 

 

 

 

 

 

 

 

 

Figure 1. Selecting the Author's role 

II. The Author User Home Page 

After clicking on the Author link on your User Home 

page, you will be directed to your Author's User Home page, 

which includes information on Active Submissions; a 

link to start a new submission; and information on 

any Refbacks you may have. 

A. Active Submissions 

This page will list any of your submissions to the journal 

that are still in process (e.g., awaiting assignment to an 

editor, undergoing review, being edited) or incomplete (in 

which case you can return and finish the submission at any 

point). 

Each completed submission will fall into one of the 

following categories: 

 

 Awaiting Assignment: the submission has been 

completed by you; you cannot now delete the 

submission from the system yourself. The Editor can 

now see the submission, and must assign an Editor or 

Section Editor to it. 

 Queued for Review: the submission has been vetted 

and is now in the review process. You should receive 

notice shortly on the review decision. 

 Queued for Editing: the submission has completed 

the review process and has been accepted for 

publication; it will now make its way through the 

system's copyediting, layout editing and proofreading 

processes. 

In the example below, the journal is charging a 

submission fee to authors, and you must pay this (using 

the Pay Submission Fee link) before the submission can 

be considered. If a journal does not charge submission fees, 

this link would not appear. Similarly, this example journal is 

also configured to require a publication fee. The author must 

use the Pay to Publish link to make the payment and 

allow for publication to proceed. JMPB does not charge any 

fee for any process, so authors will not see these steps. 

As the author, you can click on the hyperlinked title of 

any listed submission and review it. Clicking a submission 

title will bring you to your submission's Summary page. 

From here, you could revise the title or abstract (by clicking 

the Edit Metadata link). If the editor asks for revisions, 

you will upload the changes this way too (in the Review 

section of your submission). 

B. RefBacks 

The RefBacks section displays any incoming links from 

external web sites such as blogs, news sites, or other articles 

that link directly to your articles. Each RefBack can be 

edited: it can be ignored, deleted, or published, in which case 

it appears publicly at the end of your published article on the 

web site. 

C. Archive 

Your Archive page will list all declined submissions, as 

well as any published submissions along with information on 

which issue they appear in. 
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Figure 2. Active Submissions 

 
Figure 3. Submission Summary 

III. Submitting an Article 

To make a submission, select the Click Here link 

(under Start a New Submission) to proceed to the first 

step of the submission process. 

 

Figure 4. Starting a Submission 

A. Submission Step One: Starting the 
Submission 

Step 1 ensures that the Author understands the journal's 

submission rules. The Author will have to pick the 

appropriate section to submit to, and will be provided with 

information on the journal's privacy statement, copyright 

notice, competing interest statement and/or author fees, if 

applicable. If you need any help the journal's technical 

support contact is provided at the top of this page. 

 First, if the journal charges submission fees, these 

will be presented to the author. If the journal does not 

charge submission fees, this section will not appear. 

This is not the case for JMPB. 

 Next, the author must check each of the items from 

the submission checklist. 

 The journal's copyright policy will appear next, and, 

if configured as a requirement, the author will need 

to agree to this policy. 

 Finally, the author can add any comments, which 

will be visible to the editor. Move to the next step by 

hitting the Save and Continue button. 

B. Submission Step Two: Uploading the 
Submission 

Submission Step Two allows you to upload the 

submission file, typically a word-processing document. 

 Click Browse to open a Choose File window for 

locating the file on the hard drive of your computer. 

 Locate the file you wish to submit and highlight it. 

 Click Open on the Choose File window, which 

places the name of the file on this page. 

 Click Upload on this page, which uploads the file 

from the computer to the journal's web site and 

renames it following the journal's conventions. 

 Once the submission is uploaded, click Save and 

continue. 

C. Submission Step Three: Entering the 
Submission's Metadata 

The third step of the submission process serves to collect 

all relevant metadata from the author. The first section of 

metadata covers the authors. The submitting author will have 

their personal information automatically appear. Any 

additional information, such as Competing Interests should 

also be added at this time, if required. 

If there are multiple authors for the submission, their 

information can be added using the Add Author button. 

You can also re-order the list of authors, make one of the 

authors the principal contact with the editor, and delete any 

authors added in error. Next, enter the submission title and 

abstract. You will then add indexing information. This will 

help others find your article. The final section allows you to 

enter the name of any organization that may have supported 

your research. 

Hit the Save and Continue button to move on to 

Step 4. 
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D. Submission Step Four: Uploading 
Supplementary Files 

This step is optional. If you have any supplementary 

files, such as research instruments, data sets, etc., you may 

add them here. These files are also indexed by the author, 

identifying their relation to the submission, as well as their 

ownership. Supplementary Files can be uploaded in any file 

format and will be made available to readers in their original 

format. 

 Locate the file you wish to submit and highlight it. 

 Click Open on the Choose File window, which 

places the name of the file on this page. 

 Click Upload on this page, which uploads the file 

from the computer to the journal's web site and 

renames it following the journal's conventions. 

 Once the submission is uploaded, click Save and 

Continue. 

E. Submission Step Five: Confirming the 
Submission 

This final step provides a summary of your submission. 

Click Finish Submission to submit your manuscript. You 

will receive an acknowledgement by email and will be able 

to view your submission's progress through the review and 

editorial process by returning to the Active 

Submissions section of your Author page. 

F. Authors and Submission Review and 
Editing Process 

To track your submission's progress through the review 

and editorial process, you will need to log into the journal 

web site, and choose your role as Author. Click on the linked 

title to go to the submission record. 

 

 
Figure 5. Active Submissions 

1. Summary 

The Summary section contains several sections, 

including Submission, which displays the author names, 

submission title, original submission file, any supplementary 

files, the ability to add a supplementary file, the name of the 

submitter, the date submitted, the section the article is 

assigned to, the editor responsible for the submission, and the 

comments to editor you made as part of your submission (see 

above). 

From the resulting 'Summary' page, you will see links 

to Summary, Review, and Editing pages. Each of these 

pages will provide details about your submission.  

The Status section lets you know where your submission 

is in the publishing process (see above for status 

possibilities). It also lets you know when you made your 

submission and the date of the most recent status change. 

The final section outlines the submission metadata, 

including author details, title, abstract, indexing, and 

supporting agency. You can modify any of this information 

by selecting Edit Metadata. 

2. Review 

If your submission is In Review, you can view its details 

in the Review section (linked from the top of your page). 

First, you will see the basic submission information again. 

Below that is the Peer Review section. You will see 

information about each round of review (there may be one or 

more) and any revised files (e.g., a version of your original 

submission file with changes marked in) uploaded by each 

reviewer (Reviewer A, Reviewer B, etc.). 

Last on this page is the Editor Decision section. From 

this section you can notify the editor once you have 

submitted your revised submission file, view the reviewer 

comments (click on the cloud icon), and upload your revised 

submission file (if revisions were required). 

Possible decisions include: 

 Accept: Your submission has been accepted as is. 

 Revisions Required: Your submission requires minor 

changes and will be accepted once those have been 

completed. 

 Resubmit for Review: Your submission needs 

significant re-working. A new file must be submitted 

and another round of review will take place. 

 Reject: Your submission was not accepted for 

publication with this journal, either because it was 

not seen to be of high enough quality, or its subject 

did not match the journal. 

3. Editing 

Your submission is considered "In Editing" once it has 

been approved for publication. It will then need to go through 

copyediting to correct any grammatical or stylistic errors, 

layout editing to create the published galleys (e.g., HTML or 

PDF), and proofreading to take one final look at the article 

before it is made publicly available. 

If your submission is In Editing, you can view its details 

in the Editing section (linked from the top of your page). 

The first section again includes basic submission 

information. 

In the next section, you can follow the copyediting 

process. 

 Step 1: The journal's Copyeditor has made changes 

to the reviewed submission file. You can download a 

revised copy here (e.g., 6-11-1-ED.DOCX). 
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 Step 2: You will review the Copyeditor'ss changes, 

and make any final changes of your own. You then 

upload your revised submission file here. Be sure to 

use the email icon to notify the Copyeditor that you 

have submitted your file. 

 Step 3: The Copyeditor takes a last look at your 

changes before passing the submission over to the 

Layout Editor. No action is required by the author. 

The next stage in the editorial process is layout editing. 

The Layout Editor takes the final copyedited version of the 

submission and converts it into a format suitable for 

publishing on the journal web site (e.g., typically HTML or 

PDF). These are known as the "galleys". 

The final editing stage is proofreading. It is also broken 

down into 3 steps; 

 Once the galleys have been uploaded by the Layout 

Editor, you will receive an email from the editor 

asking that you review them and note any errors in 

the Proofreading Corrections comments. Proofing 

Instructions are also available. To view these, you 

will need to login to the journal and select the 

appropriate submission link. On the resulting screen, 

you can use the View Proof links to display the files. 

You can click the linked file names (e.g, 1-95-1-

PB.HTML) to download a copy. Review the files and 

make any comments using the Layout 

Comments icon. Once you have completed your 

review and noted any necessary changes, hit 

the Complete button. This will generate an email 

informing the Proofreader and Section Editor that 

you are satisfied with the galleys. 

 The journal's own Proofreader will also check for 

errors and make their own notes and inform the 

Layout Editor when all proofreading is complete. No 

action is required by the Author. 

 The Layout Editor takes all of the notes and 

incorporates all of the changes into revised galleys. 

These are then ready to publish. No action is required 

by the Author. 

You have now completed all of the steps involved in 

submitting to the journal and participating in the review and 

editing of your submission.  
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I. Overview 

The Reviewer is invited by email to review a 

submission, which includes its title and abstract, as well as 

the journal's URL and a username and password for the 

Reviewer to use to enter the journal. The journal has the 

option of using a reviewer option that sends the submission 

as an email attachment to the Reviewer along with an 

invitation to review.  

In this case, the Reviewer then responds by email via a 

provided link. What is described here is the principal method 

for reviewing (and ensuring complete records of the process), 

which involves the Reviewer conducting the Review on the 

journal's web site. 

II. Review Home Page 

A. Submissions 

On logging in to the journal, you will arrive at the User 

Home page. 

 

 

Figure 1. Reviewer Home 

To see the submissions you need to review, click 

the Reviewer link, or click the "x" Active link. Both will 

take you to your active Submissions page. This page lists the 

submissions which you have been invited to review or are 

currently in the process of reviewing.  

The Submissions queue also notes what round the 

review is, as some reviews may have entered a second round 

of reviewing, following the Section Editor's decision that the 

submission must be "resubmitted for review." This page also 

provides access to past reviews which the Reviewer has 

completed for the journal.  

Clicking on the linked title will take you to the review 

process. 

B. Review 

You will first see a summary of the submission details. 

 

Figure 2. Review Assignment 

Next, you will see the review schedule, and the 

associated deadline. Next, the Review process is divided into 

seven steps. 

 You have first to indicate to the Section Editor 

whether they will undertake the review. The decision 

should be made after reviewing the submission's 

Abstract and perhaps looking at the submission, by 

clicking on the file name in Step 3 (depending on the 

journal's policies, the file may not be available before 

agreeing to review it). 

 If you are unable to do the review, click on Unable to 

do the review which leads to a standard email to the 

Section Editor. 

 If able to do the review, click on Will do the review, 

which leads to a standard email to the Section Editor, 

and which will indicate to Section Editor and Author 

that the review is underway. 

 Consult the Reviewer Guidelines, found at the 

bottom of the Review page. The Reviewer 

Guidelines have been prepared by the Editors of the 

journal to ensure that your review is as helpful as 

possible to them and the author. 

 The Author has uploaded the submission as a file, 

which you can download from the journal's web site 

to your computer by clicking on the file name. The 

Supplementary Files refer to materials the Author 

may have uploaded in addition to the submission, 

such as data sets, research instruments, or source 

texts. 
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 (Optional): In some cases, the journal may require 

you to declare whether or not you have competing 

interests with the article being reviewed. If this is the 

case, this step becomes a form requesting a 

declaration of Competing Interests, and all following 

steps change their step number accordingly. 

 Click on the Review icon and is presented with two 

Review text-boxes where the Review can be either 

entered by hand or pasted: one for the Editor and 

Author, and one visible to the Editor only. The 

Reviewer may enter or paste partial reviews into 

these boxes and click the Save button at the bottom 

of the form to return and make changes later. The 

Reviewer may return to make such changes until a 

recommendation on the main Review pages is 

chosen, at which time the Review process is 

complete. 

 Please note: the Journal manager, in conjunction with 

the journal's Editor(s), may have created an extended 

custom review form to be filled out here. More 

information on the custom form should be found in 

the Reviewer's Guidelines. The form can be returned 

to and edited until a recommendation has been 

chosen. 

 You also have the option, in addition to entering a 

review, of uploading files for the Section Editor 

and/or the Author to see. These files may be an 

annotated version of the submission or some relevant 

data or other materials that will assist Editor and/or 

Author. It will be at the Editor's discretion whether 

these files are shown to the Author, but you can 

certainly comment on this in the Review (Step 5). 

 You must select a Recommendation for the 

submission from among the following options: 

Accept, Revisions Required, Resubmit for Review, 

Resubmit Elsewhere, Decline Submission, See 

Comments. When you click Submit Review to the 

Editor, it leads to a prepared email to the Section 

Editor, and makes your recommendation, saved 

Review (which is now locked) and any uploaded 

files available to the Editor. 
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Training on Dosimetry for Diagnostic Radiology 
Held collaboratively with BPFK Jakarta 

Venue: UI Depok Campus 
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AAPM-UI-RSCM Modern Clinical Radiotherapy Workshop 
Lectures and practical sessions by AAPM experts 
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Workshop on Medical Image Processing  
One week practical sessions and one week research updates by  
Prof. Wolfgang Birkfellner (Medical University of Vienna, Austria) 
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Workshop on Interventional Radiology 
Lecture by Prof. Hilde Bosmans (KU Leuven, Belgium) 

Venue: to be announced 

November/ 

December 
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