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Abstract: The estimation of accurate activity in the source organ can be evaluated by count rate measurement.
This evaluation required some correction for the system such as attenuation, scatter, background activity,
organ- and patient thickness, calibration factor and physical decay of the radionuclide. The aim of this study
was to estimate and compare the absorbed doses of patients following bone scans with (  Tc- MDP). Two99m

methods were used to quantify the activity measurements. Method one depended on the calculation of the
effective halftime and method two related to the Buijs method of background corrections. Thirty patients, six
males and 24 females, age (49 ± 11 years old) who were injected with Tc MDP (23.5 ± 1.55 mCi) by using the99m

gamma camera, the Whole-body images of the patients were acquired at 10, 60, 90 & 180 minutes after injection.
Then conjugate view method was applied to determine the amount of activity in each organ. The absorbed
doses  per  unit of injected activity (rad /mCi) for the total body, bone and kidneys using method one were
0.0030  ±  0.0012,  0.016 ±  0.003  and  0.0078  ±  0.0023,  respectively.  In  addition,  using  method two were
0.0040 ± 0.0002, 0.010 ± 0.001and 0.020 ± 0.0016 respectively. The result illustrated a highly significant difference
between the two methods (P < 0.05). Where, method two was more accurate than method one that depended
on the estimated absorbed dose for kidneys, but it did not differ from the total body and bone examinations.
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INTRODUCTION or minimize the radiation effect on the surrounding organs

The absorbed doses in the target organs conceders In therapeutic nuclear medicine, tumor dosimetry
as a function of accumulated activities according to the measurements might be difficult due to the lack of
Medical Internal Radiation Dose (MIRD) methods that imaging processing that applied to define the tumor. The
provides a correct mathematical to dose estimate [1]. dynamic nature of radiopharmaceutical (uptake, retention

According to the MIRD Pamphlet No. 21, there are and washout), non-uniformities in the spatial distribution
essential parameters used to calculate the organs of the agent at the cellular level and time-dependent dose
absorbed dose such as determination of the time- rates showed [4].
integrated activity Ã for each organ  and  quantification The conjugate view method is the standard and most
S  values   (the   mean  dose  per  unit of cumulated frequently approached technique used for quantification
activity (Gy MBq  s )) that defined by the International of organ activities in human studies for dosimeter [5]. It is1 1

Commission  on   Radiological    Protection  (ICRP) to important to collect sufficient information concerning the
each organ. The stochastic risk of the organs can be activity uptake and to determine the elimination rates in
determined  from  the  measurement  of   the  absorbed the organs of interest to plan patient-related dosimetric
dose and the organ-specific risk coefficients cancer studies in an appropriate manner [6].
(induction risk per unit organ equivalent dose) [2]. The scatter correction must be applied to estimate

In the brachytherapy and radiotherapy the radiation accurate activity quantification and the image quality and
dosimetry applied for planning system treatment which is various methods have been reported and investigated [7].
used to maximize the absorbed dose of the tumor to avoid One  of  more  reliable  methods  is subtraction method [8].

near the tumor [3]. 
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This method is applied because it is a more reliable The Conjugate View Method Can Be Used in the
technique, where the count rate can be determined by Calculation of the Organ Activity: The cumulated activity
drawing a region of interest (ROI) over a source region on can be calculated from the initial activity and the effective
an image. half-life [2].

The current work aimed to show the comparison
between two different methods used to calculate the (2)
absorbed  dose  of  patients undergoes bone scan with

Tc MDP by using the Buijs method and without If we now consider a certain amount of radioactive99m

correction methods in conjugate view. material in the body that is being cleared from the body by

MATERIALS AND METHODS involved in removing the activity from the radioactive

Study Patients: The study was performed on 30 adults decay constants are essentially probabilities of removal
patients with an age average of (49 ± 11.3 years) referred per unit time, the disappearance constants for the two
to the Nuclear Medicine unit at zagazig university processes can be added to give an "effective
Hospitals in zagazig, Egypt. All patients signed a consent disappearance constant".
form after receiving the details. Selection criteria included
normal kidney functions and computerized tomography  =  + (3)
(CT) scan used as a tool to estimate the organ and body
thickness and the location of the organs. where,

Measurement Procedure: The whole body scan = Radioactive (physical) decay constant = 1/ T
acquisition time of all patients obtained in anterior and in = Biological decay constant =1/ T
posterior view was at 10 min, 60 min, 90 min and 180 min
after the intravenous (IV) injection of (23.5 ± 1.55 mCi) The biological half-life depends on the organ-specific

Tc-MDP. The san parameters such as the scan speed and is a function of the excretion properties of the organ.99m

20 cm/min and 256*1024 matrix sizes used for all We can also define an "effective halftime" equal to
acquisitions. Dual head gamma camera (General Electric 0.693/ . Since, T  is the effective time required for one
(GE) discovery NM630) provided with the parallel hole of half of the initial radioactivity to disappear from an organ
low energy high-resolution collimators, asymmetric 20% [9]. T  is the physics half life time and T  is biological
energy window be set at 140 keV. To reduce the half life time.
movement the patients with either sandbags or Velcro The residence time, , is the time over which the
strapped on either side of the patient. organ would receive the same total dose from the amount

Absorbed  Dose:  After  the  computation  of  activity, instantly to zero [10].
time-activity curves for organs including (the total body,
bone and kidneys) were constructed and fitted to (4)
exponential disappearance curves to estimate initial organ
uptakes and disappearance half-time. Cumulative The residence time estimated from the effective half-
activities for each source organ were estimated from the life by the equation:
integral of the area under the time-activity curves. The
MIRD Committee Method for determining absorbed dose  = 1.44 × T (5)
was used according to the following equation (1) [6].

(1) (6)

where D  is the mean absorbed dose of the target organ Method  Two,  by Using the Background CorrectionT

(T) from the source region, Ã is the cumulated activity (Buijs Method): The counts of activity for selected
(MBq s) and S  is the S values (Gy MBq  s ). Region of the interest (ROI) in both anterior and posterior(S  T)

1 1

a first order process, two first order processes are

body decay and biological disappearance. Because the
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view were manually drowned around the total body, bone (11)
and kidneys on each time frame and generated by using
a computerized system software. The mean counts of
activity were estimated using conjugate view Statistical Analysis: The differences between parametric
methodology [11]. Anterior and posterior counts of quantitative independent groups were estimated by t-test
activity were obtained from geometric mean count (GMC) in  non-parametric  by  one-way  ANOVA.   In  addition,
estimated using equation (9): the correlation was determined by Pearson's or Spearmen.

(7) (P < 0.001) for the highly significant result.

To ensure accurate activity quantification from RESULTS
scintillation camera images, many corrections have been
made for, e.g., the photon attenuation and the Time-Activity Curve: Figs. 1, 2 and 3 show the time
contribution to the image from photons scattered in the activity curves of the human organs by using both
patient and the camera system, the detector sensitivity. methods one and two at various times (10, 60, 90 and 180
Where the organ activity was calculated from the min) post injection of the Tc-MDP in conjugate view
following equations: method. It is evident that in all organs the activity

(8) ± standard deviation at three hours after injection for the

where I  and I  are the observed count rates in the anterior differences between the two methods (P < 0.05). A P

and posterior projections in counts/time where, µ  is the Fig. 1 indicates the time activity curves of bone bye

effective linear attenuation coefficient that is used as a using the two methods. Even though method one shows
quantitative compensation for attenuation due to the higher activity than method two, but with also high SD
scattered source thickness (t) that equals 0.122 cm  for that is about twice of method two. This means that1

Tc. f is equal to (µ  t/2)/sine (µ  t/2) [12, 13]. C is the method two is accurate than method one for bone activity99m
e e

system calibration factor (count rate per unit activity), that calculation. Add to this, the p-values describe the high
can be obtained by counting a known activity of Tc for significant difference between the two methods, where p99m

a fixed period in air using the same camera setting. < 0.0001 at all delay time 10, 60, 90 and 180 min.
Buijs method has been used as background Fig. 2 shows the time activity curves of the average

correction method that takes the thickness of the organ of values of activity of both kidneys at 10, 60, 90 and 180 min
interest t and instead of the depth at which the organ is by using the two methods. Method one shows lower
located; it makes corrections for the total body thickness activity than method two, but with also high SD than
T at the source organ. For obtained corrected counting method two. This means that method two is also accurate
rate I , I  defined as follow Eqs. 9 and 10 [8]. than method one for kidneys activity calculation. Add toA P

(9) between the two methods, where p < 0.0001 at all delay

(10)

where the backgrounds corrected counting rate in the absorbed dose per unit of injected activity (rad/mCi ± SD)
anterior (I ) and posterior (I ) organ ROI, counting rate in for  all source organs after IV injection. Coulomb 2 inA P

the anterior I  and posterior I  of a ROI and I  and I Table 1 indicates the absorbed dose using method oneA P BGA BGP

are the counting rate in the anterior and posterior and coulomb three shows the absorbed dose using
background of ROI. Where, the background region was method two. Coulomb 3 represents the statistical
defined for each ROI, then adjusted to the organ area. F is significance between method one and method two
the fraction of the total background activity can be (p<0.05).  All calculations were made  by MIRD
determined from Eq. (11). recommendations.

P  value  was  set  at  (P < 0.05) for significant results and

99m

gradually  diminishes  over  time. The cumulated activity

total  body,  bone  and  kidneys   have   been  estimated.
In total body, bone and kidneys, there are significant

this, the p-values describe the high significant difference

times 10, 60, 90 and 180 min.

Organ Absorbed Dose: Table 1 and Fig. 4 indicate the
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Fig. 1: Shows the estimation of the cumulated activity. The curves represent the mean activity in bone of thirty patients
after administration of 99mTc-MDP using two different calculation methods. The standard deviation has been
indicated on each curve

Fig. 2: Shows the estimation of the cumulated activity. The curves represent the mean activity in kidneys of thirty
patients after administration of Tc-MDP using two different calculation methods. The standard deviation has99m

been indicated on each curve

Table 1: The result of absorbed dose (rad/mCi) ± SD) after administration of Tc –MDP intravenously between two methods (n=30)99m

Organs Without correction method (method one) Buijs method (method two) P

Total body 0.0030 ± 0.0012 0.0040 ± 0.0002 <0.05
Bone 0.02 ± 0.003 0.010 ± 0.001 <0.05
Kidneys 0.0078 ± 0.0023 0.020 ± 0.0016 <0.05
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Fig. 3: Shows the time activity curves of the average values of activity of the whole body at 10, 60, 90 and 180 min by
using the two methods. Method 2 describes lower SD than method 1. The p-values indicate the high significant
difference between the two methods, where p < 0.0001 at all delay times 10, 90 and 180 min but there is no
significant at 60 min p < 0.13. 

Fig. 4: Comparison of absorbed dose ( rad/mCi ) for the total body, bone, and kidneys between the two methods.

DISCUSSION methods was used to determine the activity values of the

In the diagnostic nuclear medicine, the internal (23± 1.55 mCi) Tc- MDP at various time (10, 60, 90, 180
dosimeter was used in quantification of the stochastic risk min).
and to optimize the amount of administered activity for  These methods used to perform an accurate
pediatric patients to minimized patient risk and maximize quantification of the organ activity from the planar gamma
image quality. The optimization process must be camera image. In method one, which depends upon the
considered, as much as possible, patient age, gender, calculation of the effective half-life of the
pharmacokinetics, and body morphometry,   along with all radiopharmaceutical in each organ from determination the
available image acquisition and processing techniques cumulated activity from drawing the time activity curve
[14]. and then we can determine from these values the

The manufacturer of radiopharmaceuticals Tc-MDP absorbed dose to all the organs [10]. But The Buijs99m

reported that the maximum accumulation of the method (called here method two) is the most  common
radiopharmaceuticals to occur in the first few minutes method  used  for  background correction (representing
after injection. In this work, the comparison in two the  sum  of  activity  in  the  organ  and   the  surrounding

organs (total body, bone, and kidneys) after injection with
99m
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