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The purpose of this study is to qualitatively analyse the elemental components of a mineral trioxide aggregate
material using photoactivation. The material was irradiated for two hours using bremsstrahlung photons with an
end-point energy of 18 MeV from a clinical electron linear accelerator. After irradiation the gamma-ray emission of
the sample was counted by gamma spectrometry using a high-purity germanium (HPGe) detector. The gamma-ray
spectra were analyzed by computer software. Major and trace elements were detected.
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1. Introduction

Mineral trioxide aggregate (MTA) is a root canal re-
pair material for endodontics. The composition of MTAs
are somewhat similar to that of Portland cement. Two
different kinds of MTA are available, namely gray MTA
and white MTA. Gray MTA was introduced in 1998,
whilst white MTA was commercially available since 2002.
The contents of iron and other metallic elements in white
MTA is lower than those in gray MTA. Thus, they have
different therapeutic effects concerning perforation re-
pair, leakage outcomes, root-end filling, resorptive de-
fects, direct pulp capping, and apexification [1-6].

The chemical composition of MTA has been investiga-
ted using different atomic and nuclear techniques (energy
dispersive X-ray fluorescence spectroscopy (EDXRF),
atomic absorption spectroscopy (AAS), X-ray diffraction
spectroscopy (XRD), inductively coupled plasma ato-
mic emission spectroscopy (ICP-AES), inductively cou-
pled plasma atomic optical spectroscopy (ICP-OES)
etc.) [5, 7–10]. However, usage of photoactivation ana-
lysis (PAA) for analytical studies of MTA has not been
reported in the literature.

PAA has been used for elemental analysis of different
types of materials. PAA has a great potential for instru-
mental multi-element analysis [11]. The detailed princi-
ples, applications and general features of PAA have been
described elsewhere [12]. PAA allows to determine trace
elements in geological, biological, and environmental ma-
terial [13, 14]. Using PAA, many elements can be analy-
sed with higher accuracy and sensitivity than achievable
with several other standard techniques. Analyses can
be carried out instrumentally and in many cases non-
destructively. Normally the procedure is uncomplicated

and moderately time-consuming [15].
One purpose of this study is to demonstrate, by this

example of application, the usability of a medical electron
linear accelerators for PAA. Detailed descriptions of this
machine can be found in [16, 17]

2. Material and method

In this study, the MTA sample mass was 140 mg.
It was placed about 17 cm downstream from the tungs-
ten converter. The clinical electron linear accelerator has
been modified to achieve a close exposure distance to
the converter. The sample was irradiated with 18 MeV
bremsstrahlung photons. The exposure period was two
hours.

For gamma-ray spectroscopy a coaxial n-type liquid
nitrogen-cooled ORTEC HPGe detector was used. After
a cooling time of two hours the MTA sample was placed
in front of the detector head at a distance of 5 cm. The to-
tal counting time was 86360 seconds (about 1 day). Du-
ring the collection of the spectrum, intermediate spectra
(“time stamps”) were recorded without interruption of
the counting. During the first 21600 seconds (about 6 h)
for short lived radio-nuclides, time stamps were recorded
in steps of 1800 seconds (12 spectra). Afterwards, time
stamps were recorded during 86400 seconds for long li-
ved radio-nuclides in steps of 3600 seconds (24 spectra).
Spectra were collected using MAESTRO-32 software [18].

3. Results

Obtained spectra were analysed using Gamma-W soft-
ware [19]. A gamma-ray spectrum is shown in Fig. 1.
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Fig. 1. Gamma-ray spectrum of a mineral trioxide aggregate after bremsstrahlung irradiation.

Detected reactions are compiled in Table I.

TABLE I

Qualitative instrumental photoactivation analysis of mine-
ral trioxide aggregate components.

Element
Content
+ major
– trace

Detected
reaction

Radio-
nuclide

Energy
[keV] [20]

Uranium – 238U(γ,n)237U 237U 59.5409±0.0001

Zinc – 68Zn(γ,p)67Cu 67Cu
93.311±0.005
184.577±0.01

Calcium
Titanium

+

–

48Ca(γ,n)47Ca
48Ti(γ,p)47Sc

47Sc 159.381±0.015

Calcium +
48Ca(γ,n)47Ca 47Ca

807.86±0.1
1297.09±0.1

44Ca(γ,p)43K 43K
372.760±0.007
617.490±0.006

Bromine – 79Br(γ,2n)77Br 77Br 238.98±0.07

Strontium +
88Sr(γ,n)87mSr
87Sr(γ,γx)87mSr

87mSr 388.531±0.003

Arsenic* – 75As(γ,n)74As 74As
595.83±0.08
634.78±0.08

Zirconium +
90Zr(γ,n)89Zr 89Zr 909.15±0.15

96Zr(γ,n)95Zr 95Zr
724.192±0.004
756.725±0.012

Sodium + 23Na(γ,n)22Na 22Na 1274.537±0.007
Magnesium + 25Mg(γ,p)24Na 24Na 1368.626±0.005
* probably a trace contamination.

(γ,n), (γ,2n), (γ,p) and (γ,γ’) reactions were detected
in stable elements in MTA by PAA. (γ,n) reaction is do-
minant because cross section of this reaction is higher
than those of other reactions in giant dipole resonance
(GDR) region [12]. (γ,n) reaction was detected for 238U,
48Ca, 88Sr, 75As, 90Zr, 96Zr and 23Na elements. (γ,2n)
was detected for 79Br, (γ,p) reaction was detected for
68Zn, 48Ti, 44Ca and 25Mg elements. (γ,γ’) reaction was
detected for 87Sr element. Major (Ca, Sr, Zr, Na and
Mg) and trace (U, Zn, Ti, Br, As) elements were deter-
mined by qualitative spectrum analysis in MTA as shown
in Table I.

4. Conclusions

This study gives information about elemental compo-
nents of MTA, as preliminary result. Elemental compo-
nents of medical materials can be defined by using pho-
toactivation. The output energy and the beam power of
a clinical electron linear accelerator suffice for photoacti-
vation.

In a future study, using an appropriate calibration ma-
terial, precise quantitative determinations will be carried
out. Elemental components of white MTA and grey MTA
can be compared quantitatively using photoactivation.
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