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Abstract: Background: Cone Beam Computed Tomography (CBCT) represents the optimal imaging
solution for the evaluation of the maxillofacial and dental area when quantitative geometric and volu-
metric accuracy is necessary (e.g., in implantology and orthodontics). Moreover, in recent years, this
technique has given excellent results for the imaging of lower and upper extremities. Therefore, signif-
icant interest has been increased in using CBCT to investigate larger and non-traditional anatomical
districts.

Objective: The purpose of this work is to review the scientific literature in Pubmed and Scopus on
CBCT application beyond head districts by paying attention to image quality and radiological doses.

ARTICLE HISTORY  Aothods: The search for keywords was conducted in Pubmed and Scopus databases with no back-date
restriction. Papers on applications of CBCT to head were excluded from the present work. From each

ﬁzf;;’;?bt’g;’:l“;ebre;gzzéggz considered paper, parameters related to image quality and radiological dose were extracted. An overall
Accepted: January 11,2023 qualitative evaluation of the results extracted from each issue was done by comparing the conclusive
Dor- remarks of each author regarding doses and image quality. PRISMA statements were followed during

10.2174/1573405619666230202122947 this process.

@ CrossMark Results: The review retrieved 97 issues from 83 extracted papers; 46 issues presented a comparison
between CBCT and Multi-Detector Computed Tomography (MDCT), and 51 reviewed only CBCT.
The radiological doses given to the patient with CBCT were considered acceptable in 91% of cases,

and the final image quality was found in 99%.
A Conclusion: CBCT represents a promising technology not only for imaging of the head and upper and

lower extremities but for all the orthopedic districts. Moreover, the application of CBCT derived from
C-arms (without the possibility of a 360 ° rotation range) during invasive investigations demonstrates
the feasibility of this technique for non-standard anatomical areas, from soft tissues to vascular beds,
despite the limits due to the incomplete rotation of the tube.

Keywords: Cone beam computer tomography (CBCT), literature review, radiological dose to the patient, clinical outcome,
non-standard anatomical districts, single- or multi-detector computer tomography.

1. INTRODUCTION interesting and powerful technique is Cone Beam Computer
Tomography (CBCT). This last technology differs from the
SDCT and MDCT for the conformation, shape of the X-ray
beam (cone beam), and type of detector (digital plate) [2].
With a conic X-ray beam, modulating the beam shape and
size of the digital plate, a single 360° scan around the pa-
tient allows us to acquire and build a full 3D image of the
region of interest. In the past, since it was necessary to ob-
tain a complete image of the object with a single scan, with
receptor panels of limited dimensions and not optimized

Currently, the traditional imaging technique for the 3D
reconstruction of multiple anatomical districts (orthopedic,
thoracic, cardiac, cerebral) is Computed Tomography (CT)
[1]. Historically, the first technique to implement CT is
based on fan beam emission with radiological signal acqui-
sition through a single (SDCT single detector CT) or multi-
ple linear detectors (MDCT multiple detector CT). Another

*Address correspondence to this author at the Department of Medical and imaging chains, CBCT could be used to investigate only
Surgical Sciences (DIMEC), Alma Mater Studiorum University of Bolo- small anatomical districts. For this reason, the main applica-
gna, Medical Physics Activities Coordination Centre, Bologna, Italy; tion field for CBCT has become the 3D imaging of the head
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Due to the good results in terms of image quality and
low cost of the CB scanners [10], the interest in using
CBCT to investigate non-traditional anatomical districts
(e.g., arms, legs, efc.) has been increasing [8, 11].

The simplest and most immediate evolution was to use
commercial dental CBCT equipment to study the anatomical
extremities, and the direct consequence was the placement
in the market of small CBCT equipment dedicated to the
limbs (e.g., Carestream, Planmed). At the same time, a few
manufacturers have developed gantry-CBCT, capable of
scanning portions of the entire human body (e.g., NewTom
5G and NewTom 7G, Cefla, Imola, Italy). This equipment
comprises “native” CBCT devices and allows full-range
rotations of 360° (Full-Rotation CBCT, FR-CBCT).

Moreover, in addition to full rotation and native CBCT,
many manufacturers have transformed their traditional C-
arms radiological systems in CBCT scanners by adding en-
gines and advanced 3D reconstruction algorithms. With
these systems, operators can perform acquisitions in cone
beam CT mode without a full 360 ° rotation range (Partial
Rotation CBCT, PR-CBCT), allowing an adequate 3D re-
construction (using, for example, FDK algorithms or itera-
tive reconstruction) [12].

Other fundamental current applications of full rotation
CBCT are Image-Guided Radiotherapy (IGRT) or Adaptive
radiotherapy (ART), stereoscopic mammography, or digital
breast [11, 13].

Nowadays, CBCTs for non-standard anatomical areas
are used by clinicians who can leverage protocols and ma-
chine settings already preset by the manufacturer based on
previous experience in the maxillofacial field and conven-
tional radiology. A direct comparison, in terms of image
quality and radiological dose, between the standard
(MDCT) and the new technology (CBCT) has been made in
a few cases with the final goal of extending CBCT to the
whole human body; however, making it a valid alternative
to MDCT is still far away.

The purpose of this work is to verify, through a literature
review, the possible applications of Cone Beam Computer
Tomography (both full and partial Rotation CBCTs) in non-

Table 1. Extracted parameters.
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standard anatomical districts (no maxillofacial or dental
ones or head districts) and to investigate differences in im-
age quality and radiological dose with standard CT.

2. MATERIALS AND METHODS

We searched PubMed, Web of Sciences, and Scopus
databases for original articles published up to December
31%, 2021, with no back-date restriction, using the keywords
(all languages; “CBCT” or “cone beam computer tomogra-
phy”) without any limitation. In addition, references of se-
lected retrieved articles were scanned manually to identify
any other additional studies. The searches were conducted
by 3 independent investigators (authors: M.F.M., G.P.,
M.S.). PRISMA statements were followed.

Exclusion criteria were: (1) studies on the head anatomi-
cal district (maxillo-facial, dental, cervical splines, ears,
etc.), (2) publications other than original articles (e.g., ab-
stracts from conferences, letters, correspondence, reviews,
duplicate publications, full texts without raw data available
for retrievals), (3) literature reviews, and (4) papers on
CBCT technology for radiotherapy. After removing dupli-
cate publications, three authors independently screened the
titles and abstracts of all identified citations. The full texts
of citations evaluated as potentially eligible were obtained
and independently considered for eligibility by three re-
viewers. Any doubt about the eligibility of each study was
resolved by discussion with all authors.

The following parameters were extracted: Type of
CBCT device, target (patient, phantom, cadaver), number of
samples, anatomical area of interest, dosimetric parameters
(measured directly or supplied by the scanner output), eval-
uation of the image quality, and diagnostic information (ob-
jective and subjective parameters) (Table 1).

This work focuses on CBCT applied to unconventional
anatomical districts, with reference to the achievement of
the clinical goal and, if present, to the assessment of the
radiological risk for the patient. Therefore, the settled oper-
ating device conditions (mA, kV, irradiation times) have not
been evaluated and discriminated. Although some numerical
parameters were present in an adequate number of extracted

Instrumentation

Full rotation CBCT (FR-CBCT), Partial Rotation CBCT (PR-CBCT)

Model and Manufacturer

Target

Patient, Cadaver, Anthropomorphic Phantom, Cylindric Phantom

Absorbed dose (D), mGy Dosimeter type (TLD', MOSFET,

Directly measured

OSLD?) or numerical method (Mon-

Effective Dose (E), mSv tecarlo Simulation)

Dosimetric parameters

DAP’ (mGy*cm?)

From Scanner output

DLP* (mGy*cm)

CTDI’ (mGy)

Subjective

Scores and clinical outcome

Image quality evaluation

Objective

CNR®, MTF’, SNR®, DQE’

Physical quantities

Note: 1: Thermo Luminescent Dosimeter; 2: Optical Stimulated Luminescence Dosimeter; 3: Dose Area Product; 4: Dose Length Product; 5: Computed Tomography Dose Index; 6:
Contrast-to-Noise Ratio; 7: Modulated Transfer Function; 8: Signal-to-Noise Ratio; 9: Detective Quantum Efficiency [3, 14].
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works, no meta-analysis was performed because, as already
reported by similar reviews [15], these parameters refer to
different operating conditions, anatomical districts, and ac-
quisition systems. Therefore, a direct comparison can be
confusing and misleading.

However, an overall assessment of each work, based on
the conclusions presented by the individual authors, was
performed. Specifically, it was considered (1) whether the
CBCT images allowed an "adequate" / "inadequate" evalua-
tion of the clinical problem, (2) whether patient dose levels
with CBCT were "adequate" / "not adequate" for the radio-
logical procedure under consideration, (3) if the image qual-
ity obtained with CBCT were “worse” / “equal” / "better” to
that obtained with MDCT, and (4) if patient dose levels with
CBCT were “lower” / “equal” / “higher” than those obtained
with MDCT. Points 3 and 4 were evaluated only if a com-
parison between CBCT and MDCT was made.

3. RESULTS

The first search retrieved 11222 results from Pubmed
and 14765 from Scopus database for “CBCT” and 15170
from Pubmed and 9229 from Scopus for “cone beam com-
puter tomography”. Then, by applying filters on “article
type” and excluding articles on the dental or maxillo-facial
districts, the reviewers selected 83 papers. However, since
some of them presented two or more separate protocols
(e.g., different operating conditions), a total of 97 “issues”
were considered: 51 cases with only CBCT and 46 cases
with both CBCT and MDTC.

The PRISMA flowchart is shown in Fig. (1). The select-
ed articles are reported in Table 2.

A further distinction was made between Full Rotation
CBCT (FR-CBCT) and Partial Rotation CBCT (PR-CBCT);
FR-CBCT was used in 57 cases (59%) [16, 17, 20, 22, 24,
26-30, 32-35, 40, 42, 43, 45, 49-57, 60, 62, 63, 65-68, 71-
74, 76-78, 81, 82, 85, 88, 90, 92, 96] and PR-CBCT in 40
cases (41%) [18, 19, 21, 23, 31, 36-39, 41, 44, 46-48, 58,
59, 61, 64, 69, 70, 75, 79, 80, 83, 84, 86, 87, 91, 93, 94, 97,
98]. Detailed data are shown in Table 3.

In detail, the FR-CBCT devices used in the extracted
papers are:

e PedCat, InREach e Line UP (CurveBeam LLC, War-
rington, Pennsylvania): 7 [20, 65-67, 78, 85, 88].

e NewTom 5G XL (NewTom/Cefla S.C., Imola, Italy):
12 [26-28, 33, 52, 53, 55, 68, 72, 73, 82].

e Planmeca ProMax 3D (Planmeca Oy, Helsinki, Fin-
land): 1 [17].

e Planmed Verity (Planmed Oy, Helsinki, Finland): 20
[16, 34, 42, 43, 54, 56, 57, 60, 62, 63, 71, 74, 81, 89,
90, 92].

e O-arm (Medtronic, Minneapolis, MN, US): 9 [22, 24,
29, 32, 35,45,49, 51, 77].

e Artiste Siemens KView InLine (Siemens Healthineers,
Erlangen, Germany): 1 [40].

e TrueBeam Radiation Therapy Machine (Varian Medi-
cal System, Palo Alto, CA, USA): 3 [50, 96].
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e Experimental and not commercial devices: 4 [25, 30,
76].

The devices classified as PR-CBCT are:

e Ziehm Vision RFD (Ziehm Imaging GmbH, Nurem-
berg, Germany): 1 [18].

e  Toshiba Infinix VC-i (Canon Medical System Corpora-
tion, Tochigi, Japan): 2 [59].

e Artis zee BA Twin (Siemens Healthineers, Erlangen,
Germany): 1 [61].

e  Artis Zeego (Siemens Healthineers, Erlangen, Germa-
ny): 14 [23, 36, 39, 48, 59, 64, 69, 80, 87].

e Innova 4100IQ (GE Healthcare, Chicago, IL, US): 3
[83, 91, 94].

e Arcadis Orbic (Siemens Healthineers, Erlangen, Ger-
many): 3 [86].

e  Multitom Rax (Siemens Healthineers, Erlangen, Ger-
many): 2 [38].

e Bransist Safire VC17 (Shimadzu, Kyoto, Japan): 1
[46].

e  Allura Xper FD20/20 (Philips Healthcare, Amsterdam,
The Netherlands): 10 [19, 31, 37, 44, 47, 61, 70, 79,
84, 98].

e  Experimental and not commercial devices: 3 [21, 75].

Table 4 shows the different targets considered in the
reviewed papers.

Table 5 shows the different investigated anatomical dis-
tricts.

Most of these districts have been investigated for the
assessment of the integrity of bones, cartilages, or liga-
ments. Despite that, in 19% of cases (Table 6), the anatomi-
cal district was not investigated for standard orthopedic pur-
poses (e.g., fractures, bone integrity, etc.).

3.1. Only CBCT (FR-CBCT or PR-CBCT)

In this group (51 total cases), 20 papers (39%) per-
formed a dosimetric evaluation on patients (16 issues) [24,
28, 31, 41, 46-48, 57, 58, 61, 64, 75, 80, 82, 84, 86, 98] and
anthropomorphic phantom (1 case) [65]. Most values were
directly reported by the radiological system (scanner output,
in terms of DAP or CTDI, 15 cases [24, 28, 31, 41, 47, 48,
57, 58, 61, 64, 75, 84, 86, 98], 3 evaluations used TLD do-
simeters [80, 82], 1 OSL dosimeters [65], and 1 Monte Car-
lo simulation) [46].

Regarding the patient’s dose, although there was no di-
rect comparison with similar measurements carried out with
MDCT in 15 studies (29%) [17, 47, 48, 57, 58, 61, 65, 80,
82, 84], the dose was compared to the one already stated in
the literature and considered acceptable, with respect to both
clinical evaluation and national and international regulations
[99].

Table 7 shows different methods of image quality evalu-
ation performed in this group of cases.
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Fig. (1). PRISMA flowchart for data collection and analysis.
Table 2.  Issues considered in this revision.
Target (Patient, | Radiatio fmage Overall Overall Dose
I’ 1en 1ation . Ver: 0.
First Author | Anatomical Type (PR Anth%o omorphic| Dosimetry| Desimeter | Quality |5 0] Quality | Overall b
trst Author ) An . ! Devices | or FR P p 'ry Evaluation | Evaluation g Comparable]  Dose
Refs. Site Phantom, Cylin- |Evaluation s e Quality . vs.
CBCT) . Type |(Subjective : to MDCT | Evaluation
drical Phantom) | (Yes/No) Evaluation MDCT
/Objective) (YES/NO)
Upper and
Aurell Y. et al.
ure 16 aa lower extrem-| CBCT FR Patient No - Objective | Adequate - - -
[16] ities
Borel C. et al.
0re[1C7]e “ Wrist CBCT FR Patient No - Subjective | Adequate - Acceptable -
B fo] CBCT F
orereie - Wrist and PR Cadaver Yes rom seat- Subjective | Adequate - Acceptable | Lower
etal [18] MDCT ner output

(Table 2) contd....
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Target (Patient, | Radiatio Image Overall Overall Dose
] . Type PR | '8 tent (A0 simeter | Quality ver Quality | Overall
First Author | Anatomical . Anthropomorphic| Dosimetry . . Image CBCT
. Devices | or FR . . | Evaluation | Evaluation >~ |Comparable|Dose Evalu-
Refs. Site Phantom, Cylin- |Evaluation Lo Quality . vs.
CBCT) ) Type |(Subjective Y | to MDCT ation
drical Phantom) | (Yes/No) Evaluation MDCT
/Objective) (YES/NO)
CBCT Montecarlo
Braak S. et al.| Th d Simulation +
raak S. et a orax afl and PR Patient Yes fmutation Subjective | Adequate - Acceptable | Lower
[19] abdomen Scanner
MDCT
Output
B A
Hissens Ankle CBCT FR Patient No - Subjective | Adequate - - -
et al. [20]
CBCT
ino J. lindrical lindrical phan- F -
Carrino Cylindrica and PR Cylindrical phan Yes rom seatt Objective | Adequate Equal Acceptable | lower
etal [21] phantom tom ner output
MDCT
. Upperand | CBCT
Carrino J. L
tal [21] lower extrem-| and PR Cadaver No - Subjective | Adequate Equal - -
et al.
“ ities | MDCT
CBCT
heng E.Y. F -
¢ Zer;g ” Spine and FR Patient Yes rom scant - Adequate Equal Acceptable | Lower
et al. [22] MDCT ner outpul
d V.
Cordemans Spine CBCT PR Patient No - Subjective | Adequate - - -
etal. [23]
CostaF.eral | gie | cBer | FR Patient Yes | Fromscan- - - - - -
[24] ner output
De Cesar
Netto C. et al. Foot CBCT FR Patient No - Subjective | Adequate - - -
(25]
CBCT
De Ch: . F -
¢ Charty C Radius and FR Cadaver Yes rom seatt Objective | Adequate Lower Acceptable | Lower
et al. [26] ner output
MDCT
CBCT
D kJ. F -
;:C10027J Wrist and FR Patient Yes ror scant Subjective | Adequate Equal Acceptable | Lower
et al. [27] MDCT ner outpul
Upper and
De Smet E. lower extrem-| CBCT FR Patient Yes From scan- Subjective | Adequate - - -
etal. [28] . ner output
1ties
Dea N. et al.
63[29; “ Spine CBCT FR Patient No - Objective | Adequate - - -
Demehri S CBCT F
CmEAtt 5. Hand and FR Cadaver Yes rom seatl- Subjective | Adequate Equal Acceptable | Lower
etal. [30] ner output
MDCT
Demehri S CBCT F
Cmentt 5. Knee and FR Cadaver Yes rom sean- Subjective | Adequate Equal Acceptable | Lower
etal. [30] ner output
MDCT
D .etal. F -
ongJ. et a Carotid artery] CBCT PR Patient Yes rom scatt Subjective | Adequate - - -
[31] ner output
Drazin D.
razim Sacrum CBCT FR Patient No - Subjective | Adequate - - -
etal. [32]

(Table 2) contd....
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Target (Patient, | Radiatio Image Overall Overall Dose
) ) Type (PR | roct(bationt, | Raclatlon |y, o meter | Quality | ©V¢" Quality | Overall
First Author | Anatomical . Anthropomorphic| Dosimetry . . Image CBCT
. Devices | or FR . . | Evaluation | Evaluation >~ |Comparable|Dose Evalu-
Refs. Site Phantom, Cylin- |Evaluation . Quality . vs.
CBCT) . Type |(Subjective 7 | to MDCT ation
drical Phantom) | (Yes/No) Evaluation MDCT
/Objective) (YES/NO)
Dubreuil T Upperand | CBCT F
TR T ower extrem-|  and FR Patient Yes rom sean- Subjective | Adequate Equal Acceptable | lower
etal. [33] . ner output
ities MDCT
Edlund R ef al.
un[34] ea Wrist CBCT FR Patient No - Subjective | Adequate - - -
CBCT
Farah K. et al. F -
ana ea Spine and FR Patient Yes rom seatt Subjective | Adequate Equal Acceptable | Lower
[35] ner output
MDCT
Fukuda K. et | Vertebral
uiuda b ¢ eriebra CBCT PR Patient No - Subjective | Adequate - - -
al. [36] artery
Garnon J. . Lo
Sacrum CBCT PR Patient No - Subjective | Adequate - - -
etal. [37]
q PR
Upper an CBCT
.etal. F -
Grunz J. et a lower extrem-|  and (Standard Cadaver Yes rom sean Subjective | Adequate Equal Acceptable | Lower
[38] . dose ner output
ities MDCT
protocol)
G I etal Upperand | CBCT | PR (low F
runz J. e at. lower extrem-|  and dose Cadaver Yes rom seat- Subjective | Adequate Equal Acceptable | Lower
[38] .. ner output
ities MDCT | protocol)
CBCT
b PR (5 Anth hi Not ade-
Guggenberger Shoulder and (5s HHTOPOMOIPIC Yes TLD Both orade Lower Acceptable | Lower
R.etal. [39] protocol) phantom quate
MDCT
CBCT
b PR (20s | Anth hi Not
Guggenberger Shoulder and (20s HHTOPOMOIPIC Yes TLD Both Adequate Lower © Higher
R.etal [39] protocol) phantom Acceptable
MDCT
HeldM. etal.| Th Anth hi
¢ e lorax, CBCT FR HHTOPOMOTPIC No - Subjective | Adequate Equal - -
[40] pelvis, knee phantom
Hermie L. Abdomen | CBCT PR Patient Yes From scan- Subjective | Adequate - - -
etal. [41] ner output
Hirschmann . _
Knee CBCT FR Patient No - Subjective | Adequate - - -
A.etal. [42]
- AT Upperand | CBCT F
A8 AL ower extrem|  and FR Patient Yes rom seat- Subjective | Adequate Equal Acceptable | Lower
et al. [43] . ner output
ities MDCT
Hui T.C. et al.
u [4C4]e “ Spine CBCT PR Patient No - Subjective | Adequate - - -
Hurley R.K.
uriey Spine CBCT FR Cadaver No - Subjective | Adequate - - -
Jr. et al. [45]
H Y. Montecarl
wang Abdomen | CBCT PR Patient Yes -on ec§r © - - - - -
et al. [46] Simulation
Terardi A.M. F -
erardt Spine CBCT PR Patient Yes rom seatt Subjective | Adequate - Acceptable -
etal. [47] ner output

(Table 2) contd....
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Target (Patient, | Radiatio Image Overall Overall Dose
) . Type PR| '8 tent, | Raclation |y imeter | Quality ver Quality | Overall
First Author | Anatomical . Anthropomorphic| Dosimetry . . Image CBCT
. Devices | or FR . . " | Evaluation | Evaluation >~ |Comparable| Dose Evalu-
Refs. Site Phantom, Cylin- |Evaluation Lo Quality . vs.
CBCT) ) Type |(Subjective Y | to MDCT ation
drical Phantom) | (Yes/No) Evaluation MDCT
/Objective) (YES/NO)
iao D. ef al. | Media intes- F -
Jiao D. et a .e 1 H_l e CBCT PR Patient Yes rom seatt Subjective | Adequate - Acceptable -
[48] tinal lesions ner output
Joseph J.R.
95D Lumbar spine| CBCT FR Patient No - Subjective | Adequate - - -
et al. [49]
CBCT
Kim S. et al. lindrical phan-
im . et a Body center and FR Cvlindrical phan Yes TLD - - - Acceptable | Lower
[50] tom
MDCT
CBCT
Kim S. et al. lindrical phan-
imS$. efa Body surface| and FR Cylindrical phan Yes TLD - - - Acceptable | Lower
[50] tom
MDCT
Kim T.T. et al.
m [SI]e “ Spine CBCT FR Patient No - Subjective | Adequate - - -
CBCT FR
Koivisto J. Anth hi
;)“;IS;); Wrist and (Plamed o rgpoznorp e Yes MOSFET - - - Acceptable | Lower
etal.[52] MDCT | Verity) phantom
CBCT
Koivisto J. FR - | Anth hi
oivisto J Wrist and (New HHTOPOMOTPIC Yes MOSFET - - - Acceptable | Lower
etal. [52] tom 5G) phantom
MDCT
CBCT FR
Koivisto J. Anth hi
oivisto J Ankle and (Plamed HHTOPOMOIPIC Yes MOSFET - - - Acceptable | Lower
etal. [53] . phantom
MDCT | Verity)
CBCT
Koivisto J. FR - | Anth hi
oivisto J Ankle and (New HHTOPOMOTPIC Yes MOSFET - - - Acceptable | Lower
etal. [53] tom 5G) phantom
MDCT
CBCT
Koivisto J. Anth hi
oivisto J Knee and FR HHTOPOMOTPIC Yes MOSFET - - - Acceptable | Lower
et al. [54] phantom
MDCT
CBCT FR
Koivisto J. Anth hi
oivisto J Elbow and (Plamed HHTOPOMOIPIC Yes MOSFET - - - Acceptable | Lower
et al. [55] . phantom
MDCT | Verity)
CBCT
Koivisto J. FR - | Anth hi
oivisto J Elbow and (New rHiropomorpiie Yes MOSFET - - - Acceptable | Lower
et al. [55] tom 5G) phantom
MDCT
Kortek:
onissangs Ankle CBCT FR Patient No - Subjective | Adequate - - -
T. et al. [56]
Koski K. F -
oskinen S Wrist CBCT FR Patient Yes rom seatt Subjective | Adequate - Acceptable -
etal. [57] ner output
Kothary N. Liver CBCT PR Patient Yes From scan- Subjective | Adequate - Acceptable -
et al. [58] ner output
CBCT | PR (Artix .
Kwok Y.M. Anth h Not
wo Thorax and | Zeego, 8s HHTOPOMOTPIC Yes TLD - - - © Higher
etal. [59] phantom Acceptable
MDCT prot.)

(Table 2) contd....
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Target (Patient, | Radiatio Image Overall Overall Dose
i . Type PR | '8 tent (A0 simeter | Quality ver Quality | Overall
First Author | Anatomical . Anthropomorphic| Dosimetry . . Image CBCT
. Devices | or FR . . ” | Evaluation | Evaluation >~ |Comparable| Dose Evalu-
Refs. Site Phantom, Cylin- |Evaluation Lo Quality . vs.
CBCT) ) Type |(Subjective Y | to MDCT ation
drical Phantom) | (Yes/No) Evaluation MDCT
/Objective) (YES/NO)
CBCT |PR (Infinix .
Kwok Y.M. Anth h Not
wo Thorax and | VC-I, 10s HHTOPOMOIPIC Yes TLD - - - © Higher
et al. [59] phantom Acceptable
MDCT prot.)
CBCT | PR (Artix .
Kwok Y. M. Thorax and |Zeego, 16s Anthropomorphic Yes TLD - - - Not Higher
et al. [59] phantom Acceptable
MDCT prot.)
CBCT |PR (Infinix .
Kwok Y.M. Anth h Not
wo Thorax and | VC-I, 15s HHTOPOMOIPIC Yes TLD - - - © Higher
etal. [59] phantom Acceptable
MDCT prot.)
CBCT
Lang H. et al. F -
ang o efa Wrist and FR Patient Yes rom seatt Subjective | Adequate Lower Acceptable | Lower
[60] ner output
MDCT
Lee S.M. et al. PR (axi F -
ceSM.eta Lung CBCT (a)‘(lom Patient Yes rom sean Subjective | Adequate - Acceptable -
[61] Artis) ner output
Lee S.M. et al. PR (All F -
ceSM.eta Lung CBCT (Allura Patient Yes rom seatt Subjective | Adequate - Acceptable -
[61] FD20) ner output
Lepojérvi S. . A
Ankle CBCT FR Patient No - Subjective | Adequate - - -
et al. [62]
Lepojérvi S. . A
Ankle CBCT FR Patient No - Subjective | Adequate - - -
et al. [63]
. Upper and
Liul.F.etal. F -
I F eta lower extrem-| CBCT PR Patient Yes rom seatt Subjective | Adequate - Acceptable -
[64] . ner output
ities
Upper and .
Ludlow I.B. er lower extrem-| CBCT FR Anthropomorphic Yes OSLD Objective | Adequate - Acceptable -
al. [65] . phantom
ities
Upperand | CBCT .
Ludl B. Anth h
udlow J lower extrem-|  and FR HHTOPOMOTPIC Yes OSLD Objective | Adequate Equal Acceptable | Lower
et al. [66] . phantom
ities MDCT
CBCT
Ludl B. Feet and Anth hi
udlow J eetan and FR rHropomorpiie Yes OSLD - - - Acceptable | Lower
etal. [67] ankle phantom
MDCT
CBCT
Maff iF.
at elzzzr; Distal radius | and FR Patient No - Subjective | Adequate - - -
et al. [68] MDCT
Maier J. et al.
a1e[r6.L]e “ Knee CBCT PR Patient No - Subjective | Adequate - - -
CBCT
Marshall E. et F -
arshd ¢ - and PR Patient Yes rom scatt - - - Acceptable | Equal
al. [70] ner output
MDCT
Myller K.A.
yher Knee CBCT FR Patient No - Subjective | Adequate - - -
etal. [71]

(Table 2) contd....
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Target (Patient, | Radiatio Image Overall Overall Dose
i ) Type (PR | o oct(bationt, | Raclallon |y, o meter | Quality | ©V¢" Quality | Overall
First Author | Anatomical . Anthropomorphic| Dosimetry . . Image CBCT
. Devices | or FR . . | Evaluation | Evaluation >~ |Comparable|Dose Evalu-
Refs. Site Phantom, Cylin- |Evaluation . Quality . vs.
CBCT) . Type | (Subjective 7 | to MDCT ation
drical Phantom) | (Yes/No) Evaluation MDCT
/Objective) (YES/NO)
CBCT
Mys K. et al. . . Lo
(72] Wrist and FR Patient No - Objective | Adequate Equal - -
MDCT
Nard1[7C3.]et al. Knee CBCT FR Patient No - Subjective | Adequate - - -
Neub J CBCT F
eubauet 4. Wrist and FR Cadaver Yes rom seatl- Subjective | Adequate Equal Acceptable | Equal
etal. [74] ner output
MDCT
' 1A. F -
O'Conne CBCT PR Patient Yes rom seatt Subjective | Adequate - Acceptable -
etal. [75] ner output
Upper and
Osgood G.M. lower extrem-| CBCT FR Patient No - Subjective | Adequate - - -
etal. [76] .
ities
Park P. et al.
ar [77]6 “ Spine CBCT FR Patient No - Subjective | Adequate - - -
Patel S. et al.
ae[7SS]e “ Ankle CBCT FR Patient No - Subjective | Adequate - - -
CBCT
Perry B.C. F -
erry B.C Spine and PR Patient Yes rom scatt Subjective | Adequate Equal Acceptable | Lower
etal. [79] ner output
MDCT
Pi N.etal| Thoracic- PR (1
freau . efd oramc. CBCT (low Patient Yes TLD Subjective | Adequate - Acceptable -
[80] lumbar spine dose prot.)
Pi N.etal| Thoracic- PR (high
freau . efa oramc. CBCT (hig Patient Yes TLD Subjective | Adequate - Acceptable -
[80] lumbar spine dose prot.)
Pugmire B.S CBCT
% / 81. | Foot-ankle and FR Patient Yes MOSFET | Subjective | Adequate Equal Acceptable | Lower
etal. [81] MDCT
.. Upper and
Ricci M. et al. . —
[82] lower extrem-| CBCT FR Patient Yes TLD Subjective | Adequate - Acceptable | Lower
ities
R .etal.
0ux[8C3]e @1 Pelvic bone | CBCT PR Patient No - Subjective | Adequate - - -
iler A.M. F -
Sailer Abdomen | CBCT PR Patient Yes rom scatt - - - Acceptable -
etal. ner output
hi ffD.| Prostati F -
Schnapau rostatie CBCT PR Patient Yes rom seatt - Adequate - Acceptable -
et al. [84] artery ner output
IN.A.
Sega Knee CBCT FR Patient No - Subjective | Adequate - - -
et al. [85]
ki S. et al. F -
Seld 8. et a Spine CBCT PR Patient Yes rom scatt Subjective | Adequate - - -
[86] ner output
hellikeri S. ified
Shellikeri S. | Unspecifie CBCT PR Patient No - Subjective | Adequate - - -
etal. [87] Bones

(Table 2) contd....
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Target (Patient, | Radiation Image Overall Overall Dose
. . Type (PR g > . Dosimeter | Quality Quality Overall
First Author | Anatomical . Anthropomorphic| Dosimetry . . Image CBCT
. Devices | or FR . . * | Evaluation | Evaluation > Comparable| Dose Evalu-
Refs. Site Phantom, Cylin- |Evaluation Lo Quality . vs.
CBCT) | irical Phantom) | (vesNoy | 1¥Pe | (Subiectivel o iation| ©©MPCT | ation
/Objective) (YES/NO)
Shih C.D. Foot CBCT FR Patient No - Subjective | Adequate - - -
et al. [88]
Tscah S Upperand | CBCT F
sc:t ?urézr "llower extrem-|  and FR Patient Yes rom scant- Both Adequate Higher Acceptable | Lower
et al. [89] ites | MDCT her outpu
CBCT .
Tscahauner S. Wrist and FR Anthropomorphic Yes TLD Subjective | Adequate Equal Acceptable | Lower
et al. [90] phantom
MDCT
CBCT .
Tscahauner S. Ankle and FR Anthropomorphic Yes TLD Subjective | Adequate Equal Acceptable | Lower
et al. [90] phantom
MDCT
. . CBCT TLD and
Tselikas L. | Unspecified and PR Patient Yes Scanner | Subjective | Adequate Equal Acceptable | Lower
etal [91] Bones
MDCT output
Turunen M.J CBCT From scan-
o Knee and FR Patient Yes Subjective | Adequate Equal Acceptable | Lower
etal. [92] ner output
MDCT
Vetter S.Y. Ankle CBCT PR Patient No - Subjective | Adequate - - -
et al. [93]
Wang M.Q. . . L
et al. [94] Iliac artery | CBCT PR Patient No - Subjective | Adequate - - -
: CBCT
Wihim R. Wrist and FR Cadaveric Yes From scan- Subjective | Adequate Equal Acceptable | Lower
et al. [95] ner output
MDCT
CBCT .
Yang C. efal. Abdomen and FR Anthropomorphic Yes From scan- Objective | Adequate Lower Acceptable | Lower
[96] phantom ner output
MDCT
Zimmermann CBCT
F. et al. [97] Spine and PR Patient No - Subjective | Adequate Equal - -
e MDCT
Table 3. Number of papers with FR-CBCT and PR-CBCT.
Number of Cases - (%)
Instrumentation
FR-CBCT PR-CBCT Total
CBCTeCT 30 (31%) 16 (16%) 46 (47%)
CBCT only 27 (28%) 24 (25%) 51 (53%)
Total 57 (59%) 40 (41%) 97 (100%)
Table 4. Number of different targets.
Number of Cases - (%)
Target/Refs.
CBCT and MDCT CBCT Only Total
Cadaver [18, 21, 26, 30, 38, 45, 74, 95] 9 1 10
Anthropomorphic phantom [39, 52-55, 59, 66, 67, 90, 96, 40] 18 2 20
Cylinder phantom [21, 50] 3 0 3
Patients [16, 17, 19, 20, 22-25, 27-29, 31-37, 41-44, 46-49, 51, 56-58, 60-64, 68-71, 75-89, 16 48 64
91-94, 97, 98]
Total 46 51 97 (100%)
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Table 5. Anatomical districts investigated by the authors.
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Number of Cases - (%)
Anatomical District
CBCT and MDCT CBCT Only Total
Thoracic or lumbar spine 3(2%) 17 (13%) 20 (16%)
Ankle 10 (8%) 9 (7%) 19 (15%)
Knee 4 (3%) 9 (7%) 13 (10%)
Wrist 13 (10%) 7 (6%) 19 (15%)
Hand 9 (7%) 5 (4%) 14 (11%)
Foot 10 (8%) 5 (4%) 15 (12%)
Sacrum / 4 (3%) 4 (3%)
Abdomen 1 (1%) 2 (2%) 3 (2%)
Thorax / 2 (2%) 2 (2%)
Media intestinal district / 1 (1%) 1 (1%)
Vertebral artery / 1 (1%) 1 (1%)
Breast / 1 (1%) 1 (1%)
Elbow 2 (2%) / 2 (2%)
Radius 3 (2%) / 3 (2%)
Liver 1 (1%) / 1 (1%)
Shoulder 2 (2%) / 2 (2%)
Carotid Artery / 1 (1%) 1 (1%)
Prostatic and iliac artery 1 (1%) 1 (%) 2 (1%)
Tibias 1 (1%) / 1 (1%)
Lung / 2 (2%) 2 (2%)
Total cases 59 (47%) 67 (53%) 126 (100%)
Table 6. Non-orthopedic clinical applications.
Number of Cases - (%)
Non-Orthopedic Clinical Application/Refs.
CBCT and CT CBCT Only Total
Needle insertion during biopsy [48, 64, 87] 2 (2%) 3 (2%) 5 (4%)
Spinal navigation [51] / 1 (1%) 1 (1%)
Embolization and vascular applications [31, 36, 41, 46, 58, 70, 84, 94, 98] / 9 (7%) 9 (7%)
Oncology [22, 32, 48, 58, 64, 79, 88] 2 (2%) 5 (4%) 7 (6%)
Breast evaluation [75] / 1 (1%) 1 (1%)

Table 7. Image quality evaluation methods for papers with CBCT only.

Image Quality/Refs. Number of Cases - (%)
Evaluated only through clinical outcome [23, 25, 28, 31, 32, 34, 36, 37, 40, 41, 42, 44, 45, 47-49, 51, 56, 58, 61-64, 69, 77, 78, 35 (69%)
80, 82, 83, 85, 86, 88, 93]
Subjective score [17, 20, 57, 71, 73, 75, 76, 87, 94] 9 (18%)
Objective (CNR, SNR...) [16, 29, 65] 3 (6%)

Not evaluated [24, 46, 84, 98] 4 (8%)
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A specific evaluation was performed in 12 papers (24%),
9 by subjective scores and 3 by evaluation of objective pa-
rameters. Alongside this group, there was a large sub-group
(35 papers, 69%), in which, although no specific assessment
of the quality of the images was performed, they were sub-
jectively assessed by the doctor concerning the clinical out-
come. Therefore, the image quality with CBCT was judged
"adequate" in 47 cases (92%) and "inadequate” in 1 sub-case
(2%) (soft tissues in Koskinen et al. 2013) [57].

3.2. CBCT (FR-CBCT or PR-CBCT) + MDCT

Regarding the works comparing classical MDCT and
CBCT (46 total cases), the dosimetric evaluation was per-
formed in 41 cases (89%) (12 patients, 8 cadavers, 18 anthro-
pomorphic phantoms, and 3 cylindrical plastic phantoms).
Table 8 summarizes the type of evaluation carried out.

Patient dose measured with FR-CBCT or PR-CBCT was
lower than that obtained with MDCT in 34 cases (74%) [18,
19, 21, 22, 26, 27, 33, 35, 38, 39, 43, 50, 52-55, 60, 66, 67,
79, 81, 89-91, 95, 96], equal in 2 (4%) [70, 74], and higher

Corazza et al.

in 5 (11%) [39, 59]. In 5 cases (11%), no dosimetric evalua-
tion was conducted.

Image quality was assessed subjectively through a score
or the achievement of the clinical goal in 22 cases (48%)
and objective parameters in 5 cases (11%). In 3 cases (7%),
the evaluation was made with both methodologies. Table 9
summarizes these data.

The comparison of image quality between MDCT and
CBCT is summarized in Table 10.

Overall, the authors examined the doses measured dur-
ing CBCT investigations as acceptable in 37 cases (80%)
[18, 19, 21, 22, 26, 27, 30, 33, 35, 38, 39, 43, 50, 52-55, 60,
66, 67, 70, 74, 79, 81, 89-91, 95, 96] and non-acceptable in
5 cases [39, 59].

However, the final image quality was considered adequate
in 30 cases (65%) [18, 19, 21, 22, 26, 27, 30, 33, 35, 38, 39,
43, 60, 66, 74, 79, 81, 89-91, 95, 96], inadequate in 1 case
[39], and not evaluated in the remaining 15 cases (usually
investigations carried out on anthropomorphic phantom).

Table 8. Dosimetric evaluation methods in CBCT+TC papers.
Number of Cases - (%)

Measurement Methods/Refs. . Anthrop. Cylindric Total

Patients Cadaver Phantom Phantom Cases

Monte Carlo simulation [19] 1 (3%) / / / 1 (2%)

Scanner output (DAP, CDTI, DLP) [18, 21, 22, 26, 27, 30, 33,

p35,(38, 43, 60, 70, 74,)7[9, 89, 95, 96] 9 (20%) 8 (20%) 13%) 13%) 19 (46%)

TLD (measured) [39, 50, 59, 90, 91] 1 (3%) / 8 (20%) 2 (5%) 11 (27%)

MOSFET (measured) [52-55, 81] 1 (3%) / 7 (18%) / 8 (20%)

OSLD [66, 67] / / 2 (5%) / 2 (5%)
Total 12 (28%) 8 (20%) 18 (45%) 3 (8%) 41 (100%)

Table 9. Image quality evaluation methods for papers including both CBCT and MDCT.
Image Quality/Refs. Number of Cases - (%)
Evaluated through clinical outcome [19, 35, 79, 81, 91, 95] 10 (15%)
Subjective score [18, 30, 33, 38, 43, 60, 74, 89, 90] 12 (20%)
Objective (CNR, SNR...) [21, 26, 66, 96] 5(11%)
Both (subj+obj) [39, 89] 3 (8%)
Not evaluated [22, 50, 52-55, 59, 67, 70] 16 (40%)
Table 10. Image quality comparison between CBCT and MDCT.
Number of Cases - (%)
Comparison with MDCT
Lower/Refs. Equal / Refs. Higher / Refs. Not Present / Refs.

Image quality: Comparison 5 (11%) [26, 39, 60,
with MDCT 96]

21 (46%) [21, 22, 27, 30, 33, 35,
38,43, 66,74, 79,81, 90, 91, 95]

19 (41%) [18, 19, 50, 52-55,

1(2%) [89] 59, 67, 70]
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In 4 cases [26, 60, 96] and protocol 20s [39], despite the
image quality being lower than the one obtained with
MDCT, it was considered adequate for clinical purposes.

4. DISCUSSION

Multidetector computer tomography (MDCT) repre-
sents the gold standard for 3D radiology in almost all clin-
ical settings. It is an advanced technology, well known and
optimized for wide spectrum clinical applications [1].
However, this method has some limitations, mainly related
to the costs of the instruments, the dimensions of the
equipment, and the doses delivered to the patient during
the investigation [100-104]. Alongside the traditional
MDCT, there is another technology in the market, the cone
beam CT, which differs mainly in terms of beam shape,
type of detectors, and Field of View (FOV). Its use has
become common in orthodontic and maxillofacial fields,
becoming the reference standard in implantology. Moreo-
ver, CBCT is increasingly evolving for orthopedic investi-
gations of the upper and lower human extremities (hands
and feet). Since CBCT has some advantages over tradi-
tional MDCT, such as lower cost and lower patient doses,
interest is increasing in developing devices that exploit
CBCT to scan large areas throughout the human body,
even with contrast medium investigation.

Therefore, radiological equipment manufacturers have
started to provide their instruments with motorized handling
systems and specific image reconstruction algorithms to
transform C-arm devices with planar imaging into partial
rotation cone beam CT (PR-CBCT).

Although the quality of the images obtained with this
technology is considered adequate [12], it is limited by the
reduced rotational capacity of the arm and the restrictions
imposed by single devices. In this regard, some authors have
reported advantages both in terms of image quality and dose
[105] by modifying only the angular range of rotation of the
arc and optimizing the centering of the target organ.

The only device that overcomes these limitations is the
Medtronic O-Arm, which is configured as a full rotation
CBCT for use in the interventional setting, dedicated pri-
marily to neurosurgical imaging, that can be positioned
around the patient through manual handling. This equipment
is used in 9 of the considered papers, mainly for vertebral
and spinal imaging, with positive results both in terms of
image quality and dose. Most of the commercial FR-CBCT
reviewed (CurveBeam, Planmeca, and Planmed devices, for
28 considered issues) are commonly used in the orthopedic
field to investigate the extremities with excellent results in
terms of clinical outcome (adequate in all 22 cases in which
image quality was assessed) and patient dose (acceptable in
all 16 cases with dosimetric evaluation). In one case [57],
the image quality of the soft tissues (cartilages and liga-
ments) was assessed as insufficient.

The only FR-CBCT considered in this review is the
NewTom 5G because it is in the market with an adequate
gantry for scanning districts of the whole human body. This
FR-CBCT was reported in 12 studies, usually as a reference
to the orthopedic imaging of peripheral areas (arms, elbows,
wrists, feet, knees, and ankles). In all studies involving
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NewTom 5G, both the image quality and the final dose were
considered acceptable.

Overall, in all the studies involving FR-CBCT, the im-
age quality was considered adequate in all cases, excluding
the analysis of soft tissues performed by Koskinen et al. in
2013 [57]. A total of 11 cases with no image quality evalua-
tion [22, 50, 52-55, 67] were carried out with phantoms, and
the primary evaluation was based on the radiation dose. The
patient’s radiation exposure was considered acceptable in all
30 cases with dosimetric evaluation (26 papers had no data).
In 14 cases [26, 35, 43, 52-55, 66, 67, 81, 92], the effective
dose was lower with FR-CBCT compared to MDCT, with
differences ranging between -95% and -30%. In terms of
CDTI, the values obtained with FR-CBCT were always
found to be lower than those with TC (range: -86% + -6%)
[26, 30, 33, 50, 60, 74, 89, 90, 95, 96].

Despite the limitations imposed by the reduced move-
ment dynamics, the PR-CBCTs provided an image quality
suitable for clinical outcomes in 32 out of 40 cases (80%).
In one case, the image was not considered adequate [39],
while it was not evaluated in 7 cases [46, 59, 70, 98]. As for
the patient dose, this was considered acceptable in 24 cases,
inadequate in 5 cases [39, 59], and not evaluated in the oth-
ers. As for the studies in which the dose of PR-CBCT was
lower than that of MDCT [19, 39, 70, 79], the reduction in
terms of effective dose varied between -69% and -54%. In 5
cases, in which the dose with CBCT was assessed as non-
acceptable [39, 59], the effective dose calculated with PR-
CBCT was reported to be greater than that obtained with
MDCT (range + 38% + + 174%).

Summarizing the results, image quality was considered
adequate in 99% of cases with a final evaluation (71 out of
72 issues), and the radiological dose to the patient was con-
sidered acceptable in 50 cases out of 55 (91%). The analysis
also highlighted the large number of applications that a
CBCT could have, even in non-orthopedic areas. They are
mostly specific applications carried out in different clinical
settings and are still subject to evaluation in terms of image
quality, patient’s radiation dose, and achievement of the
clinical goal. However, the final evaluations made by the
individual authors and reported in this research showed that
Cone Beam Computer Tomography represents an effective
alternative to traditional MDCT in specific clinical contexts,
despite the long way to go and the lack of standardized and
dedicated protocols. In fact, the works considered in this
review demonstrated how CBCT could be useful to improve
diagnostic and therapeutic procedures (e.g., positioning of
embolization catheters, probes for biopsies and prostheses)
as an alternative to traditional 2D radiology. Further useful-
ness of CBCT for imaging all body districts (not only of the
extremities) and "non-orthopedic" anatomical regions, such
as blood vessels (with and without contrast media), liver,
breast, lungs, and soft tissues in general, is also highlighted.

The main limitations of CBCT for non-maxillofacial
anatomical areas are related to the long scanning time, dur-
ing which the patient is required to remain motionless [27].
The movements related to breathing, if present, make it im-
possible to obtain images of adequate quality [2, 106, 107],
despite different authors proposing algorithms to reduce
motion artifacts and improve image quality [12, 108-113].
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Another important limitation of this review is not to
consider studies on CBCT for radiotherapy purposes since,
in this field, the main goal of cone beam computed tomog-
raphy is the localization of the target organ and not its clin-
ical evaluation. Despite that, many works have been pub-
lished about the optimization of image reconstruction with
CBCT to better locate and define the target; it should not
be overlooked that the achievement of this goal can only
be obtained by improving the quality of the tomographic
image. It is evident that this second aspect becomes lead-
ing if CBCT is considered a diagnostic tool for 3D imag-
ing. For this reason, we included in the present review 2
papers [50, 96] that are representative of this effort. This
great number of papers on CBCT optimization for radio-
therapy highlights the feasibility of this technology for
imaging the full body and not only for the orthopedic dis-
trict. Sometimes, the 3D reconstructions during radiother-
apy have led to important diagnostic evidence not directly
related to the target localization (for example, the detection
of COVID-19 in patients with lung cancers) [114, 115]. Of
the considered papers, only the results were evaluated
without detailing the machine protocols used for the acqui-
sitions, which were therefore not reported. This choice was
made mainly due to the great lack of homogeneity and the
wide spread of parameters investigated by different au-
thors (mainly for CBCT), which did not allow statistical
data comparison. Moreover, the calculation of some dosi-
metric parameters (e.g., effective dose E and CDTI) pre-
sents an intrinsic variability linked to the radiological
models [14, 15], which makes an inter-job comparison not
possible. Despite these findings representing a limitation
of this review, they show the lack of scientific literature on
the use of CBCT in anatomical areas other than dental and
maxillofacial ones.

To make a better comparison, it would be useful to in-
vestigate the same orthopedic district both with CBCT and
with MDCT to evaluate the same diagnostic question using
anthropomorphic phantoms and evaluating both the dose to
the organs (D) and the image quality parameters (e.g., CNR,
MTF, SNR, DQE). In this way, both a correct assessment of
the radiological risk associated with the methodology and
the optimization of the CBCT machine parameters aimed at
optimizing the procedure would be possible.

CONCLUSION

CBCT is therefore proving to be an effective technique
in terms of image quality (acceptable in 99% of the cases
reported in this review) with a reduction in patient dose
(compared to current techniques). Therefore, its use is in-
creasing to investigate non-traditional anatomical districts
(for example, vessels, liver, breast, lungs, etc.) also with the
use of contrast media. For this reason, despite the way for
CBCT to become a standard method in all areas of medicine
seems quite long, the premises suggest an optimistic future.
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PR-CBCT = Partial Rotation Cone Beam Comput-
ed Tomography

D = Absorbed Dose (measured in mGy)
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DAP = Dose Area Product (measured in
mGy*cm®)
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