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Radiation detector systems in nuclear medicine imaging 
 A radiation detector system in nuclear medicine im-
aging is definitely a timely topic or area of research where not 
many papers are available in the literature of nuclear medicine 
imaging. Arguably, no single device can detect all kinds of radi-
ation and no one device is useful in all situations. Understanding 
of the principles of radiation detection and the characteristics 
of the commonly encountered detection devices is essential in 
nuclear medicine imaging. All radiation detector systems share 
the characteristic that the radiation incident on the transducer 
produces ionization effects that are not directly observable. The 
ideal radiation detector system achieves high quantum detection 
efficiency by effectively absorbing the radiation of interest. As a 
US National Institute of Health (NIH-T32) Research Fellow at 
Massachusetts General Hospital and Harvard Medical School, I 
had the opportunity to be a member of the Center for Advanced 
Medical Imaging Sciences now called the Gordon Center for 
Medical Imaging[1]. During my training, I worked in physics and 
instrumentation in nuclear medicine[2]. In this article, I am re-
viewing the types of detectors encountered in nuclear medicine 
and the recent advances of radiation detector systems in nuclear 
medicine imaging.
 The detectors have been used in numerous medical ap-
plications such as isotope preparation, studies of biological sam-
ples, anatomical studies, whole-body counting, in vivo counting, 
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and body-function studies[3]. The types of detectors encountered 
in nuclear medicine are gas-filled detectors, solid-state (semi-
conductor) detectors, and scintillation (organic and inorganic) 
detectors. The ideal detection system will have very good energy 
resolution, which implies that the detector resolves and discrim-
inates efficiently different radiation energies[4]. The energy res-
olution is the capability of a detection system to accurately con-
trol the deposited energy of the photon[5]. Scintillation detectors 
are the most extensively used detectors in nuclear medicine and 
in this paper, we briefly review some of their aspects. Detectors 
are used in three types of devices: the Anger Camera or gamma 
camera (SPECT), positron emission tomography (PET), and in 
vivo probes. Since the development of the first gamma camera 
by Hal Anger in 1957, major improvements including software 
developments have been made in nuclear medicine[6]. Currently, 
single photon emission computed tomography (SPECT) systems 
can have as many as three large field of view camera heads that 
have the capability of acquiring data while in motion. Improve-
ments in gamma camera technology lead to the improvement of 
the spatial resolution, sensitivity, and uniformity. Nearly a de-
cade and half ago, Schmand[7] developed a hybride PET/SPECT 
instrument to function in both, the SPECT and PET modality. 
New hardware and software developments are continually being 
assessed to refine the performance of gamma camera systems[3]. 
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Scintillation detectors are widely used as gamma-ray detectors 
that form the basis for almost all PET scanners in use today. 
It is worth noting that in PET detectors based on scintillators 
detectors, the high-energy annihilation photons (511 keV) are 
absorbed by the scintillator and the burst of low-energy optical 
photons (few eV) are emitted by the scintillator. Each interaction 
of a 511 keV photon in the scintillator produces a single electric 
pulse[6]. In vivo counting systems are used to detect radioactivity 
that has been injected into patient. Quintessential   single-ele-
ment device in vivo probe measures a specific organ or anatomi-
cal region.
 In early 2016, Sabet et al[3]. published an article that 
corroborates the feasibility of a new method for fabrication of 
high spatial resolution CsI:T1 scintillation detectors for SPECT. 
 In 2012, Dr. Majewski[8] gave a remarkable comprehen-
sive lecture at Fermilab on medical applications of radiation de-
tectors. His presentation illustrates how the advances in detector 
systems can play a major role in the development and future of 
nuclear medicine, experimental nuclear and high energy phys-
ics. Seco et al[9]. published an important review article on the 
characteristics of radiation detectors for dosimetry and imaging. 
The article focused on describing the range of technologies used 
for detecting ionizing radiation in the medical field. It is worth 
noting that the advances in imaging and therapy will both be 
driven by advances in detector technology which will pave the 
way for new types of measurement and improvements in imag-
ing to ensure the safety of staff and patients.

Recent advances of radiation detector systems in nuclear 
medicine imaging
 Recent advances of radiation detector systems in nu-
clear medicine imaging include laser-induced optical barriers 
(LIOB) [6], high-band gap semiconductor crystal or cadmium zinc 
telluride (CZT) that can be operated at room temperature[10,11], a 
new scintillation light detection concepts for PET called lute-
tium-yttrium-oxyorthosilicate (LYSO) which is a scintillation 
crystals coupled to two specially designed, planar and extreme-
ly thin (200 micron) position-sensitive avalanche photodiodes 
(PSAPD), and advanced Time-of-Flight (TOF) PET photon de-
tectors.

Laser-Induced Optical Barriers[2,3]

 Currently, the Gordon Center for Medical Imaging 
is developing advances radiation detector systems for nuclear 
medicine, intraoperative imaging probes, and computed tomog-
raphy applications to stringently investigate some of the fun-
damental obstacles on high-performance imaging systems[2]. 
Recent work of the Gordon Center includes but not limited to 
the design of novel and cost-effective platforms to fabricate ra-
diation detectors using laser processed scintillators[3]. Through 
the use of laser-induced optical barriers technology, the Gordon 
Center is investigating new designs of scintillator detectors for 
PET, SPECT, and CT imaging modalities that were not possi-
ble before. The laser-induced optical barriers method consists 
of focusing a pulsed laser beam inside the scintillator bulk. An 
optimized pulse with respect to the wavelength, pulse energy, 
duration, refractive index of the crystal, etc. can locally alter the 
crystal structure thus creating an optical barrier that has differ-
ent index of refraction with respect to its immediate surrounding 
media[1]. These optical barriers can be used as a surrogate to me-

chanically pixelate arrays and can bestow high spatial resolution 
while sustaining the sensitivity in a high-throughput and cost-ef-
fective mode. The following graph (Figure 1) shows the stages 
of radiation detection.

                             
Figure 1: Basic components of a scintillation detector.

Figure 2: Time-of-Flight Principle.

High-Band Gap Semiconductor Crystal, Cadmium Zinc Tel-
luride[10,11]

 Most of the PET systems being developed utilize scin-
tillation detector technology to convert the two 511 keV annihi-
lation photons emitted from the subject into electronic signals 
for determining spatial, energy, and temporal information. The 
detectors are commonly displayed in the shape of a cylinder sur-
rounding the subject. At Stanford University, Levin’s group[10,11] 
employed a promising semiconductor detector material called 
cadmium zinc telluride (CZT) to study a high resolution, box-
shaped PET detector system. The CZT has the advantage of a 
highly efficient, direct conversion of annihilation photons into 
an electrical signal, without requiring the intermediate steps of 
creating, collecting, and converting light as is the case for scintil-
lation detectors5. But, unlike scintillation detectors, CZT detec-
tors can localize the three-dimensional coordinates of individual 
photon interactions in the system. With the use of advanced al-
gorithms, this feature empowers accurately the first interaction 
coordinate for more uniform spatial and better image contrast 
resolutions throughout the sensitive volume. CZT detectors de-
lineate a significant sudden rise for PET technology that will 
advance the ability to detect, visualize and quantify subtle mo-
lecular signals associated with disease. Furthermore, CZT has 
numerous properties that make it attractive as a photon detector 
in PET applications. Overall, the system-level metrics show that 
this detector is adept of providing excellent performance and 
shows great promise for development into a full small animal 
PET imaging system[10,11]. Several agencies including the IAEA 
and the U.S. Department of Defense have studied spectroscop-
ic-grade CZT for use in the detection of special nuclear materials 
in the field of nuclear nonproliferation[5].
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New Scintillation Light Detection Concepts for PET[12,13]

 A new high performance scintillation detector tech-
nology for PET has been investigated in the group of Professor 
Levin at Stanford University[12]. The basic concept of the new 
scintillation detector consists to build position sensitive photon 
detector modules. These basic block detector modules are used 
to build high performance clinical or pre-clinical (small animal) 
PET systems. Reference[13] describes the new high performance 
scintillation detector technology employed in the breast-dedi-
cated PET system. The module is in the form of many detec-
tor layers. Each layer comprises two planar arrays of 1 x 1 x 
1 mm3 lutetium-yttrium-oxyorthosilicate (LYSO) scintillation 
crystals coupled to two specially designed, planar and extreme-
ly thin (200 micron) Position-Sensitive Avalanche Photodiodes 
(PSAPD), each with a 8 x 8 mm2 sensitive area. The PSAPD has 
both high light sensitivity and an intrinsic resolution that is finer 
than 1 mm which allows the system to generate large electronic 
signals and precise positioning of the light flashes resulting from 
the absorption of a 511 keV in any crystal. The PSAPD replaces 
the Photo Multiplier Tubes (PMT) used in standard PET designs.

Photo-Detectors for Time of Flight Positron Emission To-
mography (ToF-PET)[14]

 The time of flight positron emission tomography (ToF-
PET) is considered to be among the most recent advances in 
photo-detector design. ToF-PET (see Figure 2) information 
yields better localization of the annihilation event along the line 
of response (LOR). This effect results to an enhancement in the 
signal to noise ratio of the reconstructed image. Apart from the 
demand of high luminosity and fast decay time of the scintil-
lation crystal, proper design and selection of the photo-detec-
tor and methods for arrival time pick-off are a prerequisite for 
achieving excellent time resolution required for ToF-PET14. 

In conclusion, as in any mini review of this type, many signifi-
cant and model efforts have not been mentioned. To those whose 
excellent work has not been mentioned, I have a profound re-
spect for the work that has already been done on radiation de-
tector systems in nuclear medicine imaging. I would also like to 
encourage you to submit any findings to the Journal of Imaging 
Science (JIS). To those who are inspecting new incursion into 
the field of Nuclear Medicine and medical imaging, I invigorate 
you to join a body of scientists who like to push their intuition 
and themselves to the boundaries. 
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