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ABSTRACT 

C-arm systems are well established in clinical routines which produces two- dimensional (2D) projection images, 

which are not sufficient to provide the depth information required by surgeons during interventional procedures. Due to 

this, the procedural time and radiation dosage are significantly higher which leads to increased procedural cost. In order to 

extract depth information from 2D projection images acquired with stepwise rotation between 0 to 180 degrees, various 3D 

volume construction algorithms are developed. The purpose of this paper is to systematically review the various 3D 

volume construction algorithms in order to develop a cost-effective solution to be incorporated in the iso-centric C-arm 

machines without 3D volume construction algorithms. The proposed review process is done in the following aspects: i. 

State-of-the-art 3D volume construction algorithms ii. Comparing the different aspects of commercially available iso-

centric C-arm machines incorporated with 3D volume construction algorithms. The impact of various 3D construction 

algorithms in improving different aspects such as image quality, resolution, procedure time, radiation dose, and accuracy of 

the final 3D model is discussed. Based on the findings we recommend a procedure to develop and validate a 3D volume 

construction algorithm. 3D volume construction from C-arm images helps to construct Multi Planar Reconstruction (MPR) 

views during interventional procedures which will provide in-depth information and minimize the procedure time, cost, 

and dosage to the patient. 
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1. INTRODUCTION 

The C-arm system provides real-time X-ray 

images, thus allowing the physician to monitor progress at 

any point during the surgery and helps to immediately 

make any corrections that may be required for various 

clinical applications (J.Moret et al. 1998; B.Unger et al. 

1999; R.P.Kluecznik et al.1999) Mostly, C-arm devices 

are used in Cath lab procedures in the hospitals for 

visualizing and carrying out surgeries in cardiovascular 

regions, especially for viewing the vessels (A.C.Kak et al. 

1977; R.A.Kuruger et al. 1987; W.J.T.Spyra 1990) Cath 

lab is a diagnosis room in a Hospital with imaging 

equipment which is involved in diagnosing and treating 

Cardio-vascular diseases. C-arm systems are used in 

various surgical and non-surgical procedures, especially in 

fluoroscopic intraoperative imaging in the areas of 

cardiology, orthopaedics, urology, neurovascular diseases, 

gastroenterology, etc. (Essam et al.). Some of the surgical 

procedures include abdominal and thoracic aortic 

aneurysm repair, percutaneous valve replacements, cardiac 

surgery, vascular surgery, bone implant replacement, 

traumatic conditions etc., whereas non-surgical procedures 

are the diagnosis of thrombus formation in vascular blood 

vessels using Digital Subtraction Angiography in 

cardiology, extracorporeal shockwave therapy during 

lithotripsy procedure in urology (Bush WH et al.1987), 

Road mapping and re-masking etc. Other applications 

include Thoracic, Lumbar and Sacral Pedicle Screw 

Placement, calcaneal fracture surgery, total knee 

arthroplasty, real-time tracking and navigation during 

procedures etc. (L.Adams et al. 1990; R.L Galloway 2001; 

C.A.Maruer et al. 1997; C.R Naruer et al. 1997; B.West et 

al. 2001; B.West et al. 2004; P.Grunet et al.2003) 

Using the common interventional X-ray C-arm, 

only 2D projection images are produced, which are not 

enough to give the information required by surgeons. The 

most common challenge in using 2D images is that it is 

insufficient to provide information in complicated 

structures such as blood vessels, intestines, etc. For 

example, during surgery in a blood vessel using the C-arm, 

the catheter insertion is difficult as it may hit the walls of 

the vessels and lead to internal bleeding which may 

complicate the procedure in turn increase in procedural 

time. Similarly, the small intestine has many folds where 

the insertion of a catheter without any proper guidance 

may lead to tear any part of the folds or walls resulting in 

bleeding, which may lead to various problems for the 

surgeons as well as the patients. Thus, to avoid the above 

issues, 2D images captured using the C-arm are 

reconstructed into a three-dimensional (3D) volume which 

can be co-registered with the live fluoroscopic mode to get 

the depth view in real time. It can be viewed in 

Multiplanar Reconstruction (MPR) mode by the surgeons 

to carry out the interventional procedure effectively and 

quickly. But other problems can even arise due to a feeble 

number of projections and irregular placements of the C-

arm due to mechanical instability of the systems. There are 

some flexible algorithms to handle irregular geometry 

using algebraic methods, A.Rougee et al. 1988 describe an 

overview and to handle inconsistent data, very 

sophisticated examples are described in E.Payot et al. 1997 

& K.M. Andress et al. 1998. 
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C-arm systems are broadly categorized in to iso-

centric and non iso-centric imaging. The 3D volume 

construction algorithms based on conventional X-ray 

projection images obtained by an iso-centric C-arm system 

have become more preferred approach since the images 

obtained are of high-resolution 2D projections, which are 

then being used for reconstructing 3D volume. Whereas, 

images reconstructed from non iso-centric projection 

provides lesser clarity and information than required, since 

the arm is being repositioned often to focus on the region 

that is to be imaged. On the other hand, modern day iso-

centric C-arm systems are (inbuilt with advanced 3D 

volume construction algorithm and MPR visualization 

feature) called as 3D C-arm computed tomography. It uses 

2D X-ray projections acquired with a Flat panel detector C-

arm system to generate CT-like images. To this end, the C-

arm system performs a sweep around the patient, acquiring 

up to several hundreds of 2D projection images. State of 

the art of various developed 3D volume construction 

algorithms such as the shift and add‘ algorithm, 

‗Feldkamp‘ algorithm, ‗Feldkamp–Davis–Kress (FDK) 

reconstruction algorithm, ‗Cone beam reconstruction‘, 
‗volume rendering‘ techniques, ‗fast back projection‘ 
methods (M.Ingerhed 1999, G.Lauritsch et al. 1998; 

H.Turbell et al. 1999),‗Fourier‘ method (C.Jacobson 

1999) and few others are analysed in the study. These 

algorithms overcome the limitations mentioned in the 

references (P.S.Cho et al. 1996; M.Li et al. 2002; V. Liu et 

al. 2003; J.Siewerdsen et al. 2005; G.H. Chen et al. 2006; 

S.Sorensen et al.2007; D.Ritter et al. 2007; E.A.Rasheed 

et al. 2012; X.Hun et al. 2012). The reconstruction of 3D 

images from a cone beam projection of the X-ray beam 

from the iso- centric C-arm provides orthogonal 

information such as sagittal, coronal plane and transverse. 

For example, Hagen et al. 2003 developed an algorithm 

for 3D rotational angiography of the transplant renal artery 

M.Grass et al. 1999 presented their 3D reconstructed 

models based on high-contrast objects, such as a vessel 

filled with contrast agent or bones obtained from a 

motorized C-arm system. These techniques also play a 

vital role in medical imaging and non-destructive testing 

(Rizo P et al. 1991; Cho PS et al. 1995; Wisent K et al. 

1997; Johnson RH et al. 1997) 

Though 3D C-arm computed tomography 

provides the required information but it lacks in fulfilling 

global needs as it is expensive and not commonly 

available. However, the existing iso-centric C-arm systems 

without 3D volume construction algorithm cannot be 

obsolete and a cost-effective solution to be provided to 

better usage of the system. The solution is to incorporate 

by adding 3D volume construction and MPR visualization 

features with the existing system. Hence, the present study 

focuses on the systematic review of state of the algorithms 

in respect of 3D volume construction from 2D projection 

images acquired with stepwise rotation of the C-arm 

between 0 degrees and 180 degrees; C-arm systems and 

recommends a constructive approach for a viable solution. 

 

 

 

2. EVOLUTION OF C-ARM MACHINES 
A C-arm is an imaging scanner intensifier. The 

name derives from the C-shaped arm which connects     

the X-ray source and X-ray detector with one another. C-

arms have radiographic capabilities, though they are used 

primarily for fluoroscopic intra-operative imaging, thus 

allowing the physician to monitor the patient‘s progress 

and immediately make any corrections. Portable or mobile 

C-arm comprises a generator and a detector. The C- 

shaped connecting element allows movement horizontally, 

vertically and around the swivel axes, so that the X-ray 

images of the patient are produced from almost any angle 

that is required. The C-arm usually works in two modes, 

namely, the continuous mode and the pulsed mode. In the 

continuous mode, X-rays are exposed continuously 

whereas in the pulsed mode, X-rays are exposed when an 

image is required. Pulsed fluoroscopy reduced the 

fluoroscopy time by 76% and the radiation dose by 64% 

compared to continuous fluoroscopy. Based on the 

requirement, the mode is chosen during intervention 

procedures. C-arms consist of detectors such as image 

intensifiers or plat panel detectors. An Image intensifier    

converts X-rays into     visible     light     at     higher 

intensity than     mere normal fluorescent screens do. X-

ray imaging systems use such intensifiers (like 

fluoroscopes) that involve converting low-intensity X-rays 

to a bright visible light output whereas Flat panel detectors 

are involved in the conversion of X-rays to light or charge 

which is read out using thin film transistors. Nowadays, 

Flat-panel detectors (FDP) are increasingly replacing 

image intensifiers on mobile   C-arm   systems   due   to   

lower   patient   dose and increased image quality and no 

deterioration of the image quality over time. 

Usually, the C-arm is designed as non iso-centric 

where the technician has to move the arm often to locate 

the centre point before imaging. So, in order to overcome 

this problem, iso-centric C-arms were developed which 

help the technicians to avoid the movement of the arm 

often. Once the arm is fixed, the centre point remains 

constant. 

Other features that were developed over time 

include Smart Auto-Trak which automatically adjusts the 

image when anatomy is not focused at the centre, the 

Smart-Metal option which helps to maintain image 

resolution even after introducing metal objects in the X-

ray field, the Smart Window to adjust the collimator 

position and automatically adjusts the window size for 

better image quality, Distance control, an assistance 

system implemented to support non- contact collision 

protection for patient‘s safety etc. Apart from the imaging 

facilities, the C- arm can even store images in the DICOM 

format for future use and transmit them to PACS stations 

if required. 

As an advancement in C-arm technology, 3D C-

arm computed tomography is a new and innovative 

imaging technique. It makes use of 2D X-ray projections 

acquired with an FDP C- arm system to generate CT-like 

3D images, where the C-arm system performs a sweep 

around the patient, acquiring up to several hundred 2D 

views, which are given as input for 3D reconstruction 
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algorithms. The Resulting voxel data sets can be 

visualized either as cross-sectional images or as 3D data 

sets using different volume rendering techniques. In 

combination    with    2D    fluoroscopic    or    

radiographic    imaging,    3D     C-arm imaging provides 

valuable information for therapy planning, guidance, and 

outcome assessment, all in the interventional suite. This 

option is especially found only in certain C- arms such as 

Ziehm Vision RFD and Arcadis Orbic 3D. Further, the 

algorithms used to construct 3D projections from 2D ones 

are given below. 

 

3. RECONSTRUCTION ALGORITHMS 
 

3.1 Shift and Add Method 

The Shift-and-Add algorithm approach plays an 

important role in 3D reconstruction and is broadly used in 

tomosynthesis and overlapped complicated structures, 

such as joints, etc (Senhu Li et al. 2005). This method 

makes use of a principle, in which acquired images are 

lined up and the algorithm is applied by shifting and 

adding the projected images. Senhu Li et al with the base 

of this algorithm, developed 3D projections explained by 

Z. Kolitsi et al. 1992 to reconstruct the tomographic 

images. Image acquisition is done by taking the total Nt in 

certain angle ϴ at constant increment; For example, in this 

method, An OEC® Miniview 6800 Mobile C-arm system 

(GE Medical System) was used to acquire projected 

images. A phantom consisting of two dry chicken bones 

was used to test the reconstruction algorithm. This 

algorithm results in low contrast reconstructed image with 

a blurred background. In order to remove the blurred 

background, the segmentation concept is used. The general 

workflow is shown in Figure-1. 

These outputs are obtained by shifting and adding 

the projection images obtained at an even shifting of the 

mobile C-arm. On comparing the reconstruction results in 

this study, the 3D reconstructed model reduces the error 

by 10% by measuring the maximum thickness of the bone. 

Thus, using the shift-and-add algorithm, the structures in 

the reconstructed tomographic images are more accurate 

and the image intensity values are distinguishable with 

respect to the background and objects. This method 

overcomes the image truncation problem which was found 

in the back-projection method resulting in a simple and 

practical method for reconstruction [38]. 

 

 
 

 

Figure-1. Workflow of the shift and add reconstruction method. 
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Table-1. Review of different types of C-arm devices and its imaging features. 
 

Various types of C-arm available are: 

Model name Features Detector and Display Storage options Applications 

GE HEALTH CARE 

OEC Brivo prime 

C- arm 

Smart Auto Trak SmartMetal 

Smart Window Arm rotation: 

410° radial rotation,120° orbital 

rotation, 25° wigwag No specific 

value of m A and kVp(40- 

110)…Auto brightness 

stabilization- automatically 

adjust values to obtain better 

images at low dose. 

Image intensifier- converts X-

ray into visible light and 

amplifies the output obtained. 

LCD high- resolution monitor 

CD, DVD, or 

USB save options are 

available and stored in 

BMP, MPPS, and 

DICOM format. 

BMP-Bitmap- type of 

format to store digital 

image. 

DICOM- is a standard 

use to store and transmit 

medical images. 

Help to differentiate soft 

tissue organs and anatomy 

in the image field. 

OEC 9900 

Elite 

Motion tolerant subtraction 

Autotrak 3.SmartMetal 

4. Smart window 5.Lateral, 

orbital or  ombination movement 

6.120 kVp and 75 mA for 

radiographic  xposure.  

7. Continuous high level fluoro 

up to 20 mA. 

8. Pulsed fluorography mode up 

to 40 mA. 9. Automatic 

Brightness Stabilization 

1.Image intensifier 2.Flat panel 

detectors 

1.CD/DVD, 

USB memory options 

and stored in DICOM 

format 

Used in urology, 

endoscopy, orthopedics, 

vascular and other 

emergency procedures. 

SIEMENS 

Cios Alpha 

Digital Subtraction 

Angiography Retina 3D scan 

technology smart collimation 

4.oribital movement- 

CMOS 

(complementary metal oxide 

semiconductor) flat detector 

High-contrast TFT- 

1.CD/DVD, 

USB and DVD 

recording. 

DICOM 3.0 format is 

used. 

vascular and cardiac 

surgery, astroenterology, 

urology, trauma and spine 

surgery 

 

3.2 Feldkamp Algorithm 

Feldkamp‘s method is applied over the 2D 

projections obtained with the C-arm systems measured 

along a circular type of source-detector trajectories. In 

order to reconstruct the images accurately, the system 

trajectories should be known. The position of the focal 

spot and of the detector should be measured to determine 

the system trajectories (Koppe R et al. 1995; Koppe R et 

al. 1996; Fahrig R et al. 1997)) 2D images are acquired by 

either single or double half circular trajectories. This 

algorithm was widely used in the area of medical imaging 

and non-destructive testing. The adaptation of this method 

is used in the 3D reconstruction of 2D projected images of 

a vessel with a contrast agent and of a bone. In this 

method, the standard Philips INTEGRIS BV3000 C-arm 

system was used to acquire images in both single and 

double half circular trajectories. Feldkamp algorithm used 

in the 3D reconstruction is shown in the form of a flow 

diagram in Figure-2. The resulting method is a simple and 

straightforward approach to reconstruct the 2D 

projections. Several errors occur while adopting this 

method due to the missing data problem as a result of the 

incomplete source-detector movement as explained in 

tuy‘s condition (Tuy HK 1983; Smith BD 1985). Another 

error that may occur if the cone size is smaller than the 

object size is the truncated projection problem, which 

often occurs in medical applications. The Feldkamp 

method is applied to the required region of interest and 

results in a high-contrast 3D object with an isotropic 

spatial resolution with respect to the background. For 

example, consider 100 2D projections of the cervical 

vertebra column acquired as mask images to be used in 

digital subtraction angiography (DSA) shown in Figure-3, 

which are reconstructed as a 3D object. The output of this 

algorithm is a reconstructed 128
3
 3D data set of the 

cervical vertebral column shown in Figure-4. Similarly, 

consider 100 projections of a 2D projection of blood 

vessel with iodine contrast injected for every image 

captured, where images with no contrast are ejected during 

the reconstruction process. The 2D projections are 

acquired by double half- circular trajectory covering 180 

degrees as shown in Figure-5. The reconstructed 3D 

results of a blood vessel with a contrast agent are shown in 

Figure-6. Thus, the Feldkamp method results in high 

contrast 3D objects with respect to the background of the 

acquired projections. This study also resulted in less error 

in double half-circular trajectory image acquisition than 

the single half-circular trajectory image acquisition. 
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Figure-2. Workflow of the Feldkamp method. 

 

 
 

Figure-3. Three different 2D projections of a subject‘s cervical spine measured with an image intensifier  

during a half-circular trajectory. 

 

 
 

Figure-4. Three different views of a volume-rendered reconstructed 3D data set of a  

cervical vertebra column. 
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Figure-5. Three different cone–beam projections of a cerebral vessel tree filled with contrast agent measured  

with an image intensifier during a double half circular rotational run. 

 

 
 

Figure-6. Three different views of a volume-rendered reconstructed 3D rotational angiography data set. 

 

3.3 M-Line Method 

The M-line method is an image reconstruction 

method which is carried out in the filtered back projection 

mode. The main aim of this method is to implement an 

accurate filtered back projection algorithm for the 2D 

projections obtained from a c-arm system without moving 

the patient‘s table: i.e. circle-plus-arc trajectory which 

avoids error data acquisition geometry and requires no 

ideal filtering step, even if the geometry is non-ideal 

(Stefan Hoppe et al. 2012) The M-line method adopted in 

this procedure was originally presented by Pack J et al., 

2005 for 3D reconstruction. Data acquisition was carried 

out using an Artis zee ceiling-mounted C-arm system 

(SiemensAG, Healthcare Sector, Forchheim, Germany) 

where the source and detector is moved over the region of 

interest in a circle-plus- arc trajectory (D.L.Donoho 2006). 

An anthropomorphic thorax phantom was used to acquire 

597 2D projections for reconstruction. The M-line 

algorithm is shown in the form of a flow diagram in 

Figure-7. The results of the M-line algorithm are 

compared with those of the Feldkamp method where the 

truncation problem is reduced. The error due to data 

acquisition in the Feldkamp method is rectified in the M-

line algorithm. This method also avoids discretization 

errors that out-weighed the benefits of the cone-beam 

artefacts mitigation. Through, projections, it provides 

more accurate and detailed information than the Feldkamp 

method, which has already been explained. 

 

 
 

Figure-7. Workflow of the M-Line method. 
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Figure-8. Workflow of the SCAN method. 

 

3.4 Sparsity-Constrained Angiography (SCAN)  

      Iterative Algorithm 

Sparsity-constrained angiography is derived 

using the Alternating Direction Method of Multipliers 

which emphasises on the sparse nature of angiography 

imaging. The proposed algorithm is based on the theory of 

Compressed Sensing (CS) (E.J. Can des et al. 2006; Grass 

M et al. 1999) where image reconstruction is carried out 

by introducing a sparsity-constrained cost function. The 

image reconstruction algorithm was developed to handle 

sparse objects such as blood-vessels, where most of the 

image pixel values are close to zeros or zero and only a 

feeble number of image pixels have non-zeros intensities. 

The 2D projections used in 3D reconstruction are obtained 

using the clinical C-arm scanner (Ziehm Vision R, Ziehm 

Imaging GmbH, Nurnberg, Germany) with an orbital 

movement of 115 degrees. 

The phantom was designed to represent lung 

bronchial airways. The 2D projections were obtained with 

a rotation angle spacing of 20, 15, 10 and 5 degrees with 6, 

12, 18 and 24 projections respectively. Then, the SCAN 

Algorithm was applied, as shown in Figure-8. Thus, the 

proposed algorithm was designed to overcome data 

limitation problems, such as limited views, short orbit and 

offset scan geometries in this imaging modality. The 

benefits of this algorithm are that it resulted in 3D images 

(Figure-9) using conventional inexpensive equipment and 

it improved the image quality which was obtained from 

highly down-sampled projection data. The only error 

caused is due to the gantry mechanical rotation and it is 

required to perform system calibration for high-quality 3D 

reconstructed images. 

 

(a) 6 views (b) 8 views (c) 12 views (d) 24 views 

    

    
 

Figure-9. Three-dimensional volume rendering of SCAN reconstruction with different projection views. 

 

3.5 Cone Beam Reconstruction Algorithm 

C-arm based cone-beam CTs are a widely used 

imaging modality during intraoperative procedure. 

Typically, a C-arm CT scan is nowadays performed using 

a circular or elliptical trajectory around a region of interest 

(Figures 10, and 11). The benefits of an intra-operative C-

arm cone-beam computed tomography (CBCT) with a flat-

panel detector (FPD), are that it offers sub-mm spatial 

resolution and soft-tissue visibility at low radiation. The 

proposed trajectory method in this work extends the use of 

the mechanical rotation range of the C-arm system with 

two additional linear shifts of the X-ray tube and detector 
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to increase the angular sampling range within the required 

field of measurement (FOM) [20]. Other implementations 

of C-arm-based cone-beam reconstruction techniques also 

exist (G.Lauritsch et al. 1998; Riddell C et al.2006). The 

mobile C-arm systems (Ziehm RFD 3D, Ziehm Imaging, 

Nurnberg, Germany) were used to acquire datasets using a 

living pig and a cadaver with the angle of 164.5◦ rotation 

for taking a complete data set using the rotate-plus-shift 

trajectory. 

The path trajectory of the C-arm consists of 

circular or elliptical rotation of the C around a defined 

isocentric point and two linear translations travel parallel 

to the detector plane at the beginning and at the end of the 

scan, respectively. Combining all these three parts to one 

trajectory enables the acquisition of a sampled data set 

using only 180◦ minus (164.5 degree) fan angle of 

rotation. The head of the live pig is placed in the dorsal 

position on an X-ray imaging patient‘s bed and scanning 

was done in both the short scan and the rotate-plus-shift 

trajectory. The short scan and the rotate plus-shift scan 

were acquired using 512 projections (with the time of 41 

sec per scan), the 165◦ limited angle scan using 431 

projections (about 35 s). To reconstruct 3D images, the 

SART Algorithm (Figure-12) along with a filtered back 

projection was used (K.Wisent et al. 2000; F.Noo et al. 

2002). The rotate-plus-shift trajectory when combined 

with the reconstruction algorithms helps to avoid limited 

angle artefacts (E.Y.Sidky et al. 2006; L.Ritschi et al. 

2011; M.Y.Wang et al.1996). 

 

 
 

Figure-10. The rotate-plus-shift trajectory illustrated in four positions of a C-arm used in this  study. 

 

 

 
 

Figure-11. Data acquisition at regular intervals. 
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Figure-12. Reconstruction of the anthropomorphic head 

phantom was acquired with 165◦ and 165◦+ shift. Thus, 
the proposed trajectory method allows for the acquisition 

of data samples with a mobile C-arm system which has 

mechanical rotation limited to a range of at least 180◦ 
minus. Therefore, the rotate-plus-shift method helps to 

integrate full 3D functionality into the mobile C-arm 

devices to avoid any loss due to handling and usability for 

2D imaging. This is mainly used in intraoperative 3D 

imaging in a wide range of clinical applications. 

 

4. DISCUSSIONS 

This review presents a detailed survey of 

algorithms involved in the 3D reconstruction of 2D 

projections obtained from the degree wise rotation of the 

C-arm at various angles. 3D reconstructed images will 

help the surgeons to locate the area accurately in 

reconstructed 3D projections which provide high integrity 

in carrying out the surgeries effectively and to obtain better 

results, once the surgery is completed. 

This 3D reconstructed view plays a major role in 

various applications like surgeries in blood vessels, 

Thoracic Screw Placement, Lumbar Screw Placement, 

Sacral Pedicle Screw Placement, calcaneal fracture 

surgery etc. In the case of blood vessel imaging, 2D 

images are insufficient to provide the required 3D 

information of vessel anatomy due to its complicated 

structure and the inability to identify overlapping vessels 

(E.J.Cand es et al. 2006). Hence, the 3D reconstructed 

images help to overcome the above problem in the case of 

blood vessels. The reconstructed images obtained in the 

case of locating a kidney help in pointing out stones for 

lithotripsy treatment (Bush WH et al. 1997). Computer-

assisted virtual neuro-navigation improves the precision of 

Pedicle screw placement and minimization of surgical 

procedures while using 3D reconstructed images 

(Gonzalvo A et al. 2009). The reconstructed images also 

help to assess the successful aneurysm exclusion in 

fenestrated branched endovascular aneurysm repair using 

C-arm cone-beam computed tomography (Dijkstra ML et 

al. 2010), and this involves treating the aneurysm repair 

effectively by locating the area accurately. Rotational 

angiography with digital 3D reconstruction allows to carry 

out per- procedural 3D imaging to facilitate cardiac 

ablation procedures during cardiac surgery. Using, single 

C-arm rotation per-procedural 3D imaging of the atria and 

ventricles can be done with a lower contrast and radiation 

dose (K.Atesok a et al. 2007). An intraoperative C- arm 

X-ray device with 3D imaging capabilities (3D rotational 

X-ray (3DRX)) coupled with an image guided navigation 

system with 3D imaging capabilities (3DRX) enables 

direct navigation without invasive image-to-patient 

registration on 3DRX volumes for evaluation before 

surgery is carried out (Everine B et al. 2006). This 

approach allows multiple navigation based on 

intraoperative procedure acquired 3D fluoroscopic images 

(Foley et al., 2001; Fritsch et al., 2002; Hofstetter et al., 

1999; Nolte et al., 2000). The other applications include 

isocentric 3D C-arm Intraoperative visualisation for 

fracture reduction and implant positioning in orthopaedic 

trauma surgery. Intraoperative reconstructed 3D 

visualisation of intraarticular fractures enables the surgeon 

to identify improper implant positions and hence may 

eliminate the need for re-do procedures (K.Atesok a et al. 

2007). Richter et al identified an unacceptable reduction or 

implant malposition in 39% While imaging, using C-arm 

at an isocentric position (Richter M et al. 2005). Three-

dimensional reconstructed images also play a vital role in 

total knee arthroplasty, with ISO-C imaging, it helps to 

measure rotational alignment in knee arthroplasty with 

high accuracy and repeatability comparable with CT 

imaging modality. Isocentric imaging using the C-arm has 

potential as an intraoperative tool to accurately align 

arthroplasty components during abnormal conditions 

either due to accidents or disease (Shahram Amiri et al. 

2013; Takahito et al.2013). C-arm reconstructed images 

also play a vital role in various applications for detecting 

screw misplacement and in decreasing the rate of revision 

surgery for screw misplacement with high Reliability and 

accuracy (Praveen Satarasinghe et al. 2012; Helalis I.D et 

al. 2012). 

Thoracic, Lumbar, and Sacral Pedicle Screw 

Placement was carried out using Ziehm vision RFD 3D 

and Navigated Stryker Cordless Driver3. 3D imaging for 

computer-assisted virtual neuro-navigation improves the 

precision of Pedicle screw placement and minimization of 

surgical procedures. This algorithm helps to overcome 

certain disadvantages, such as screw positioning, 

visualization of a pedicle‘s trajectory, radiation exposure, 

increased time expenditure, and possible workflow 

interruption. Human Vagus Nerve Branching in the 

Cervical Region which was so complicated has become 

easy with the help of Ziehm vision RFD 3D. It helped in 

locating the Metal needles in the cranial and caudal part 

that was visible of the CVN and CVN branches from the 

cervical region in the anterior-posterior and lateral 

projections [63]. Investigation of first ray mobility during 

gait by kinematic fluoroscopic imaging in the 

plantar/dorsal flexion in the sagittal plane was performed 

using Ziehm. This procedure using Ziehm vision RFD 3D 

is used to find out the quantification of the in-vivo sagittal 

mobility of the joints of the medial foot column during 

the roll-over process under full weight bearing (Shahram 
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Amiri et al. 2013). This overcame problems associated 

with skin motion and the adjacent structures which reduce 

the resolution and anatomical discrimination without 

making use of any invasive methods (Praveen 

Satarasinghe et al. 2012; Helalis I.D et al. 2012). These 

are some of the problems solved using the Ziehm vision 

RFD 3D C-arm machine. It increases the accuracy and 

resolution of imaging the anatomical structures during 

intraoperative procedures and in various other complicated 

surgical applications. 

Arcadis orbic were used to place 446 pedicle 

screws into 100 patients. The demographics of the patients 

include 15 cases of scoliosis, 36 cases of 

spondylolisthesis, and 21 cases of revision surgery. The 

location of pedicle screw placement was 12 thoracic, 352 

lumbar, and 82 sacral screws (Gonzalvo A et al. 2009) 

which were carried out successfully. This machine helps to 

overcome neurologic deficits after pedicle screw surgery 

which is reported to occur up to 5% of the time (Zhao X et 

al. 2016; Lee M.H et al. 2013) and misplaced pedicle 

screw rates with traditional techniques which have been 

reported to be 10-42% (Kim YJ et al. 2004; Hammer N et 

al. 2015; Heiner Martin et al. 2012; Nester CJ et al. 

2007; Nester CJ et al. 2007; Lundgren P et al. 2008; 

Robert Green Watkins et al. 2010). All these above 

complications were overcome by the usage of the Arcadis 

orbic 3D C-arm. Arcadis orbic 3D fluoroscopy was 

performed on some patients after they were extensively 

evaluated by 2D fluoroscopy during surgery to compare 

the results of both. In conventional calcaneal fracture 

surgery, surgeons evaluate that misplacements of implants 

take place while using 2D fluoroscopy. Also, 2D 

fluoroscopy cannot completely find or locate the complex 

anatomy of the calcaneus. Therefore, if the image obtained 

by 2D fluoroscopy is unclear and has less resolution 

(Esses SI et al. 1993), intraoperative 3D fluoroscopy using 

Arcadis orbic 3D was used (Wang JC et al. 2005; Castro 

W et al. 1996; Farber GL et al. 1995). 

Surgery in patients with hip fractures has 

increased with the large demographic growth of geriatric 

patients in the present world (Gertzbein SD et al. 1990). 

For those patients, exact screw placement with a greater 

distance between the screws enables a biomechanically 

stable fixation but this has become very challenging. So, to 

overcome the above problem, Mobile C-arms with 3D 

imaging were used for intraoperative 3D visualisation 

of the anatomical areas. The Iso-C 3D mobile C-arm has 

equal clinical value to spiral computed tomography which 

is used widely in various surgical procedures. Hence, 3D 

computer-assisted navigation helps to reduce the number 

of drilling attempts during the operations and the operating 

time while optimising the precision of hip screw 

placement compared to the conventional fluoroscopy-

based technique (Guven O et al. 1994). Arcadis orbic 

plays a significant role in imaging the anatomical 

structures during the intraoperative procedures and 

obtaining a volume rendered image for more accuracy and 

better resolution of the structures that are imaged. 

 

 

CONCLUSIONS 
There are many algorithms in the literature describes about 

the construction of 3D volume from 2D projection images 

acquired with step wise rotation of isocentric C-arm. 

These algorithms were evaluated against corresponding 

CT image volumes and were produced good accuracy of 

the constructed volumes. This 3D volume construction 

helps to construct Multi Planar Reconstruction (MPR) 

views during interventional procedures which will provide 

in- depth information and to minimize the procedure time, 

cost and dosage to the patient. 
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