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Investigation of the Entrance Surface
Dose and Dose to Different Organs in
Lumbar Spine Imaging
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Sadeghi M?, Zamani E?, Faghihi R

ABSTRACT

Background: Dose assessment using proper dosimeters is especially important
in radiation protection optimization and imaging justification in diagnostic radiology.

Objective: The aim of this study is to obtain the Entrance Skin Dose (ESD) of
patients undergoing lumbar spine imaging using two thermoluminescence dosimeters
TLD-100 (LiF: Mg, Ti) and GR-200 (LiF: Mg, Cu, P) and also to obtain the absorbed
dose to different organs in lumbar spine imaging with several views.

Methods : To measure the ESD values of the patients undergoing lumbar spine imag-
ing, the two TLD types were put on their skin surface. The ESD values for different
views of lumbar spine imaging were also measured by putting the TLDs at the sur-
face of the Rando phantom. Several TLD chips were inserted inside different organs
of Rando phantom to measure the absorbed dose to different organs in lumbar spine
imaging.

Results: The results indicate that there is a close agreement between the results of
the two dosimeters. Based on the results of this experiment, the ESD dose of the 16 pa-
tients included in this study varied between 2.71 mGy and 26.29 mGy with the average
of 11.89 mGy for TLD-100, and between 2.55 mGy and 27.41 mGy with the average
of 12.32 mGy for GR-200 measurements. The ESDs obtained by putting the two types
of TLDs at the surface of Rando phantom are in close agreement.

Conclusion: According to the results, the GR200 has greater sensitivity than the
TLD-100.
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Introduction
ccurate knowledge of the entrance surface dose (ESD) of the pa-
tients undergoing diagnostic radiology, as a part of quality con-
trol and quality assurance programs in medical programs, would
be helpful in optimization of the patient protection and setting standards
of good practice worldwide. Different investigations have been per-
formed on the measurement of the ESD or organ dose in radiology [1-6].
Risk assessment is not possible without the mean absorbed doses to
organs. The International Commission of Radiation Protection has rec-
ommended the dose measurement in sensitive organs, for stochastic ra-
diation effects [7].
Lumbar spine imaging is a common radiology procedure which is usu-
ally requested in several views. Therefore the optimization of patient
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protection and justification of radiography
techniques are necessary to lessen the need
to repeat the imaging process, and decreasing
the dose to patients. The ESD or organ dose
measurements in lumbar spine x-ray imaging
in AP and lateral views have been the subject
of numerous studies [8, 9].

Thermoluminescence dosimetry has been
the method of choice of different investiga-
tors for dose measurement in clinical practices
with low energy X-ray imaging [2, 10-12].

Thermoluminescence dosimetry using stan-
dard TLD-100 is known as an effective means
for dose measurement in medical exposures.
In addition, the tissue equivalent GR-200 has
been found to be an ideal dosimeter in envi-
ronmental and medical dosimetry.

The aim of this study is to investigate the
entrance surface dose (ESD) for the patients
undergoing lumbar spine imaging using two
kinds of thermoluminescence dosimeters
(LiF: Mg, Ti, and LiF: Mg, Cu, P). Finally, the
ESD and the absorbed doses to different or-
gans were measured by TLD-100 chips inside
the Alderson RANDO phantom.

Materials and Methods

Thermoluminescence dosimetry

The Entrance Skin Dose (ESD) of the pa-
tients undergoing lumbar spine imaging were
measured using Li-F Thermoluminescence
dosimeters (LiF: Mg, Ti, and LiF: Mg, Cu, P
chips).

Each TLD100 cubical chip used in this study
has a dimension of about 3*3*1 mm?, while
each cylindrical GR-200 chip has a diameter
of 4 mm with Imm thickness.

The chips were annealed using standard pro-
cedures (see table 1) [6, 13]. The irradiated
TLDs were read using a Harshaw Model 4500
TLD reader (Harshaw, Bicron USA). Each
kind of TLD chip was read out by a special
time temperature profile (TTP). The TTPs
used in this study for reading out the TLD-
100, and GR-200 dosimeters are found in table

2. The following equation was used to correct
the TLD responses.

Rc'omected = [RChip xECC

Where R is the corrected response of
the TLD chips, R is the TLD reading (in
nc), R, is the average of the readings of the
chips used for background measurement, and
the ECC is the Element Correction Coefficient
of each chip or the pre-determined chip fac-

tors.

-R,, xECC,, ] (1)

chip

Table 1: Annealing procedure used for TLD-
100, and GR-200 dosimeters

Annealing proce-

Dosimeter
dure
1hour at 400°c
TLD-100 20 hours at 80°c
GR-200 10 minutes at 240°c

Table 2: Time temperature profile used for
reading out TLD-100, and GR-200 chips

Dosimeter TTP
Preheat
Temp (°C) 50
Time (sec) 0
Acquisition
Max Temp(°C) 300
TLD-100 .
Time (sec) 13.33
Rate (°C/sec) 25
Anneal
Temp (°C) 0
Time (sec)
Preheat
Temp (°C) 135
Time (sec) 5
Acquisition
Max Temp (°C) 240
GR-200 :
Time (sec) 13
Rate (°C/sec) 20
Anneal
Temp (°C) 0
Time (sec)
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To determine the ECC factor of each chip, all
TLD chips were exposed to a specific amount
of dose, and then the ECCs were obtained by
dividing the average value of the readings by
the reading of each TLD. The R . values
were then converted to the dose (mGy) using
the calibration curves. To obtain the calibra-
tion curves, thin, dark plastic covers were pre-
pared to accommodate three chips, these pock-
ets were then exposed to different amounts of
doses and the calibration curve was drawn.
Two calibration curves were drawn for TLD-
100, and GR-200 dosimeters separately. The
two curves were then used for derive the dose
values (mGy) from the corrected readings

Rcorrected (ln HC) :

Patient dosimetry

To obtain the ESD of the patients
undergoing lumbar spine imaging, the tissue
equivalent pockets including annealed TLD
chips were put at the surface of their body. The
ESD values were obtained for 16 patients in
two of the biggest radiology sections of Shiraz
city in Iran. The results of dosimetry obtained
by TLD-100 chips were compared with those
obtained by GR-200.

Dose measurements using Alderson
Rando Phantom

The Alderson Rando phantom

The Alderson Rando Phantom was
used in this study for Entrance Skin Dose
(ESD) and organ dose measurements using
thermoluminescence dosimetry. This phantom
contains lung, natural human skeleton embed-
ded in a tissue equivalent urethane rubber.
It contains horizontal slabs; each contains a
matrix of holes, Smm in diameter, filled with
removable wax plug.

Dose measurements

To measure the ESD and organ doses in lum-
bar spine imaging, the Rando phantom was
exposed to the x-ray produced by different ra-
diography techniques. The wax plugs in some
slabs, containing uterus, kidney, and spine,

were removed to accommodate the plugs con-
taining TLD-100 chips for measurement of or-
gan doses. The TLD-100 chips were inserted
in different slabs of the phantom inside the
kidney, uterus, and tissue around the spine and
then the phantom was exposed to X-ray radia-
tion for lumbar spine imaging.

For the purpose of ESD measurements, each
three annealed TLD-100 chips, with approxi-
mately similar ECC values, were put in a dark,
thin plastic pocket. Each time the phantom was
exposed to radiation for lumbar spine imaging,
one of the pockets was put on the phantom
surface, and finally the average of the doses of
the three chips was used as the ESD. To com-
pare the response of GR-200 TLD chips with
TLD-100 chips, the measurements of ESD
were repeated using the GR-200. This time
the RTI SoliDose model 400 instrument was
used for active measurement of the entrance
surface dose, the probe of this instrument was
placed in the same position as the thermolu-
minescence dosimeters to measure the dose in
each imaging process.

Results and Discussions

TLD calibration curves

The calibration curves of TLD-100 and GR-
200 dosimeters show that responses of both of
the TLD types are linear. The sensitivity (nc
per unit dose) of each TLD type can be ob-
tained according to the following relationship.

Sensitivity[mnch j = ! j (2)

The calibration curve gradient(mGy
ne

The results indicate that the sensitivity of the

GR-200 chips (;:500) is much more
0.002

than that of TLD-100 (L =7.04) -
0.142

The results of patient dosimetry
Table 3 compares the sum of the patient’s
doses in imaging with several views obtained
by TLD-100 and GR-200 dosimeters. The
number of views and the imaging technique
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Table 3: Comparison of the dose measured by LiF: Mg, Ti, and LiF: Mg, Cu, P TLD chips (sum of
the ESDs of the patients undergoing imaging with several views).

‘.-i’-: # of E ?, Dose (mGy) Dose (mGy) %difference

S Views <7 % LiF: Mg, Cu, P (GR-200) LiF: Mg, Ti (TLD-100) (GR200 Dose-TLD100 Dose)*100/ GR200 Dose
70 40

1 2 15.00 15.89 -5.93%
70 64
80 50

2 3 80 63 17.87 17.22 3.64%
80 63
6 40
8% 50

3 5 86 50 25.99 23.41 9.93%
72 64
72 64
70 56

4 2 11.80 11.29 4.32%
8 7
63 40

5 2 8.78 8.49 3.30%
6 64
6 28

6 2 8.80 8.72 0.91%
69 71
67 50

7 2 5.27 4.81 8.73%
75 64
64 20

8 2 5.01 5.49 -9.58%
68 32
63 40

9 2 9.62 9.48 1.46%
6 64
73 50

10 2 11.60 11.05 4.74%
780
8% 50
8% 50

1 4 14.55 12.88 11.48%
69 64
69 64
79 64
79 50

12 5 65 32 19.23 18.22 5.25%
73 40
73 40
73 64
90 64

13 5 90 64 27.41 26.29 4.09%
72 80
72 80

14 1 64 32 2.55 2.71 -6.27%
54 25

15 2 4.50 4.65 -3.33%
59 32
60 40

16 2 9.16 9.65 -5.35%
6 63
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used for each dosimeter are also shown in the
table.

Dosimetry using RANDO phantom

ESD measurements

ESD was measured by putting the TLD-
100 and GR-200 chips on the surface of the
RANDO phantom. Table 4 demonstrates the
dose measured by three methods (using TLD-

100, GR-200, and SoliDose) for single view
images (AP or Lateral) obtained by different
imaging techniques (kV & mAs).

Comparison of the ESD values for 2, 4, and 5
view images, obtained by TLD-100, GR-200,
and SoliDose, are shown in table 5. The per-
centage differences between the three above-
mentioned methods are shown in figure 1.

Table 4: The entrance surface dose on the surface of Rando phantom, for single view images.

Measurement View kVp mAs (TLD-100) (mGy) (GR-200) (mGy) (SOEICI,DSSSE)
1 AP 68 64 3.55 343 3.36
2 AP 72 64 3.84 3.74 3.76
3 AP 70 80 437 4.79 4.46
4 Lateral 80 80 6.63 5.96 6.34
5 Lateral 85 80 6.67 6.61 7.14
6 Lateral 80 80 7.24 7.38 8.02

Table 5: The entrance surface dose on the surface of Rando phantom, for multiple view images.

=
3 *
7] =3 Dose Dose
= < View kv, mAs gggg)(?g'é")
3 2 (TLD-100) (mGy) (GR-200) (mGy) y
g @
AP 68 L 3.68
Lateral 80 80 e e 6.76
Lateral 80 8 e e 6.76
1 5 Oblique 75 80 e e 5.68
Oblique 75 80 e e 5.68
Total Dose in 5
views - - 30.73 29.02 28.56
AP 68 64 e e 3.74
Lateral 80 80 e e 6.82
9 4 Oblique 75 80 e e 5.56
Oblique 75 80 e e 5.56
Total Dose in 4
views - - 23.40 21.46 21.66
AP 68 64 e e 3.70
3 9 Lateral 80 8 - 6.38
Total Dose in 2
views - 9.87 10.46 10.08
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Figure 1: Percentage difference between the dose measured by TLD-100, GR-200, and SoliDose

Absorbed doses to different organs Uncertainty analysis of TL dosimetry
The minimum, maximum, and average ab- The uncertainty analysis for TLD-100 and
sorbed doses to each organ, measured by TLD- GR-200 dosimetries is shown in tables 7 and
100 dosimeter, in 2, 4, and 5 view imaging are 8 respectively. As can be seen from the tables,
shown in table 6. the quadrature combination of statistical un-

Table 6: The minimum, maximum, and average absorbed doses to each organ

Nur(lber of Organ (Min, max) Mean absorbed dose
views absorbed dose (mGy) (mGy)
AP Kidney (0.48-4.86) 2.3
Lateral Uterus (0.94-7.62) 3.2
5 Lateral
Oblique Soft tisss;ﬁearound (1.7-2.50) 9
Oblique
Table 7: Uncertainty analysis of TLD-100 results.
Component of uncertainty TV(%A Ty(r‘.;b/s B
Repetitive TLD measurements 5.0 .
TLD dose calibration _ 5.0
Correction for energy dependence of TLD _ 0
TLD positioning . 1.0
Quadrature combination 5.0 5.1
Total uncertainty 7.14
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Table 8: Uncertainty analysis of GR-200 results.

Component of uncertainty T’?%A Ty(e/:a) B
Repetitive TLD measurements 4.0 _
TLD dose calibration . 5.0
Correction for energy dependence of TLD _ 0
TLD positioning _ 1.0
Quadrature combination 4.0 5.1

Total uncertainty

certainties (type A) due to repetitive TLD
measurements is found to be 5%, and 4% for
TLD-100 and GR-200 respectively. Thus the
total uncertainties for these dosimeters are cal-
culated as 7.14%, and 6.48% respectively.

Comparison with the previous inves-
tigations

The results shown in table 5 were used to
obtain the dose per view in the images with

6.48

several views. The results of table 4 were also
used to obtain the dose per view in different
projections (AP or Lateral). Table 9 compares
the results obtained in this study with the re-
sults of other investigations.

Conclusion
The measurements of entrance surface dose
(ESD) and the organ dose in lumbar spine im-

Table 9: Comparison of the results with other investigations.

= m m
”n
3 § -0 -30 3 &= o e_?;
®c So ‘D § =30 g o
53 (2] 0 5 02X S o
8_ 3 S < g 8 o< 5 g
o o > ) 2 o
= s 5
TLD-100 5.64
1 GR-200 5.46 Al projections ~ Lumbar spine - Iran This work
Solidose 400 54
TLD-100 3.92
2 GR-200 3.98 AP Lumbar spine - Iran This work
Solidose 400 3.86
TLD-100 6.84
3 GR-200 6.64 Lateral Lumbar spine Iran This work
Solidose 400 7.16
4 e e AP Lumbar spine 5 UK [14]
5 e e Lateral Lumbar spine 1 UK [14]
5 - AP Lumbar spine 8 Ireland [15]
6 @ - e Lateral Lumbar spine 24 Ireland [15]
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aging were performed using thermolumines-
cence dosimetry. The LiF: Mg, Ti, and LiF:
Mg, Cu, P TLD chips were used for dose mea-
surement in this study. The results indicate
that both TLD types are applicable in dose
measurement in low dose fields. The compari-
son between the results of the two TLDs show
that the LiF: Mg, Cu, P TLDs have higher sen-
sitivity (i.e. nc per unit dose) than the LiF: Mg,

Ti

chips.
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