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1. Introduction 

 

1.1 History and clinical application of the radiological imaging  

Radiological imaging remains one of the most commonly used diagnostic tools in 

medicine. Since Wilhelm Konrad Roentgen discovered the x-ray in 1895
[1, 2]

, plain 

radiograph has been the initial step of clinical application and has been utilized 

extensively in many fields of medicine especially in orthopaedics and trauma care. 

In orthopaedics and traumatology, most of the skeletal injuries can be diagnosed 

primarily by using the plain radiographs alone. Standard anterior-posterior and lateral 

projections of the x-ray are required for most conditions. However, in some 

circumstances, several different projections of the radiograph may be necessary to 

provide more information prior to make an appropriate diagnosis. This is especially 

true in the region with a complex anatomy such as spine, pelvis and skeletal 

articulation. Although many attempts have been made to improve the quality of 

images, there are still limitations because of the 2-dimensions (2D) nature of plain 

radiograph. Many authors found that it was difficult to define some fractures and gave 

appropriate classification (AO classification) according to 2D X-ray images
[3-6]

. The 

inter-observer reproducibility of the classification of bone fracture by conventional 

X-ray films was only 38%
[7, 8]

. Some authors found that in 64% of the cases the 

pre-operation classification defined by X-ray images are inconsistent with the 

post-operation classification.
[9, 10]

. In order to overcome this limitation, the idea of 

using computer software to reconstruct 3-dimensional (3D) images based on the 

information obtained from multiple radiographic scans came up and eventually 

became a reality in 1973 when Hounsfield and McCormack introduced the 

computerized tomography (CT) to clinical practice
[11]

. 3-dimensional (3D) images can 

provide much more useful information than conversional plain radiograph 
[12, 13]

. As 

time goes by, the scanning machine and computer software have developed into 

several generations
[14]

. Nowadays the novel system of spiral CT is able to perform 
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whole body scan within a couple of minutes and the computer software is able to 

reconstruct high quality 3D images to meet more clinical requirement
[15]

. 

In addition to making primary diagnosis and following up on treatment of 

orthopaedic and trauma conditions, radiological imaging has also been used 

intra-operatively to improve the quality and accuracy of surgical procedures. However, 

intra-operative 2D imaging is not able to provide as much information to the surgeons 

as CT would
[16-18]

. Since high quality image is needed while there is limited space in 

the operating room and the operative field is restricted, CT scan is not suitable for this 

situation. To achieve this purpose, 2-dimensional (2D) C-arm image intensifier 

followed by 3D C-arm were invented. 

 

1.2 3D fluoroscopic imaging 

1.2.1 History of 3D fluoroscopic imaging 

Intraoperative imaging using fluoroscopy is well integrated into many orthopedic 

and general trauma procedures. In 2001, Siemens Medical Solutions introduced the 

first intraoperative 3D imaging system (Siremobil Iso-C 3D; Siemens, Medical 

Solutions, Erlangen, Germany), a C-arm imaging system that is able to reconstruct a 

3D image immediately based on single fluoroscopic exposures obtained during 

surgery, therefore broadened the spectrum of available intraoperative imaging 

modalities. The new device is used widely in diagnosis, intraoperative imaging, 

navigation system and many other fields. Later another company (Ziehm Imaging, 

Nuernberg, Germany) introduced its product Vario 3D, which is able to provide 

intraoperative three-dimensional image like the Iso-C 3D does. 

 

1.2.2 Principles and clinical applications in Orthopaedics and Traumatology 

Principles of 3D fluoroscopic imaging are similar to those of CT scan. The data 

from multiple scans were automatically taken by the C-arm within 190 degrees of 

arch of motion at certain degree intervals and were transferred to the computer. This 
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series of basis images are referred to as the projection data. Software incorporating 

sophisticated algorithms including back-filtered projection are applied to these image 

data to generate a 3D volumetric data set, which can be used to provide primary 

reconstruction images in three orthogonal planes (axial, sagittal and coronal)
[19]

. 

3D fluoroscopic imaging can provide multiplanar images for the object of interest 

while the device is small and movable compared to any other 3D imaging device such 

as CT. Therefore, it is applicable for intraoperative use. 

Based on Multi-Planar Reformation (MPR), minimally invasive navigation 

techniques by 3D surgical tool control became possible. This is not possible with 

fluoroscopic or CT based navigation. Other applications with Iso-C 3D navigation in 

osteoid osteoma resection, neurosurgery etc. have been mentioned in the 

literatures
[20-22]

. 

Intraoperative 3D imaging can be used to make more accuracy diagnose in articular 

fracture, in treatment of foot or radius fracture. Many clinical trials showed the 

outcome are comparable to using the CT in terms of intraoperative control of the 

reduction and the position of implants, even in pelvic operations,
[23-27]

. The 

intraoperative application of 3D is considered to offer clear advantages over current 

2D C-arm visualization tools 
[28-30]

.  

The intraoperative 3D imaging demonstrates a major advantage, but it still has its 

limitations. The image quality is inferior to that of CT images
[20, 25, 31, 32]

. Imaging 

bone in the surrounding area of metal implants is challenging. Lastly, the scan field is 

also limited 

 

1.3 Objective of this study 

Now the intraoperative 3D imaging has become one of the most useful instruments 

that can help surgeon to make the right decision and improve the clinical results. But 

there are some disadvantages with Iso-C 3D as well. The Iso-c 3D is big and weighs 

375 kilogram. It needs 190° rotation during one scan so that it cannot be used in the 
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shoulder joint. Ziehm Company introduced a new intraoperative 3D imaging device, 

Vario 3D, which is a smaller, better handling, interrupted scan. The isocenter is 

variable which can reduce the radiological exposure of the patient and provide 

theoretically better image quality. 

Because there is limited information regarding the application of the new 3D 

fluoroscopic imaging device, Vario 3D (Ziehm Imaging, Nuernberg, Germany), our 

study was carried out in order to evaluate the image quality and diagnostic accuracy 

of this device. We will compare those features to the previous model, Siremobil Iso-C 

3D (Siemens, Medical Solutions, Erlangen, Germany), which is now wildly used and 

proved to be a useful intra-operative imaging system. The question we are trying to 

answer is that whether the new 3D C- arm can provide intra-operative 3D imaging as 

good as the Iso-C 3D would in terms of image quality and diagnostic accuracy in 

different anatomy regions with or without implant. 
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2. Materials and methods 

 

2.1 Materials 

2.1.1 Specimen 

  An anatomical specimen of whole cadaver with 19 anatomic regions was used in 

this study. The specimen was a 68-year-old woman, who died of an intracerebral 

bleeding. She had no joint, spine deformity and other diseases that affect bone and 

joint before she died. One mandibular fracture fixed with plate was seen. There were 

some teeth consisting of metal implant. According to German law, the woman had her 

last will to donate her body to research. 

 

2.1.2 Table 

The specimen was placed on a radiolucent table for scanning. However, at the 

corners and middle edges of the table some small metal screws were placed, which 

may disturb the image quality due to artifacts. Care was taken so that those screws 

were not involved in the scan field. For scanning of the upper extremity, they were 

placed on a small table made of carbon fibre.  

 

2.1.3 3D C-arms 

2.1.3.1 Siemens Siremobile Iso-C 3D 

The Siremobile Iso-C 3D™ (Siemens AG, Germany) is a motorized fluoroscope 

that provides digital fluoroscopic image based data during a 190° orbital rotation 

resulting in multiplanar reconstructions on the device’s screen like CT imaging. It is a 

fully counter balanced mobile C-arm featuring a central beam, which is truly 

isocentric. Isocentricity ensures that the center focus is precisely maintained while the 

“C-arm” is moved in the angular and orbital directions (Fig.1b). In switching between 

AP and lateral views, for example, there is no need to adjust the C-arm’s horizontal 

travel in or out. Its position remains equidistant from the subject, regardless of angle. 

The mobile C-arm is coupled with a motorized orbital motor, other hardware and 
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software components for 3D imaging; during a 190° rotation, the motorized C-arm 

produces 100 fluoroscopic images at predetermined angle steps and calculate a high 

resolution isotropic data cube with a length of 119 mm. From these data, axial scans 

are calculated and images are constructed by MPR in the coronal and sagittal slice 

orientation with a matrix of 512×512 image elements and a fixed slice thickness of 

0.48 mm. 

It has auto scales for the amount of radiation received by the body. The 

measurement of Iso-C 3D is 230×80×170cm
3
 and the weight of C-arm and 

workstation are 375 and 200 kilogram respectively. It has mouse and keyboard to 

control the system. 

 

a b 

Fig. 1 Siremobile Iso-C 3D and movement of the C-arm 

 

2.1.3.2 Ziehm Vario 3D 

The Ziehm Vario 3D (Ziehm Imaging, Nuernberg, Germany) is another 

intraoperative 3D imaging system like Iso-C 3D. It features a variably isocentric 

C-arm movement based on the standard fluoroscope. In addition the virtual mechanics 

enable a unique variable image intensifier/object distance. This device also supports 

MPR, orthogonal sections (sagittal, axial, and coronal) and furthermore volume 

rendering of the scanned object similar to CT scans. A maximum of 135° rotation is 

necessary. With the conventional construction the isocenter is hold in place during the 

movements of the cantilever of the C-arm. Due to motor based function, this 
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readjustment is automated. 

With a Ziehm Vario 3D, it enables imaging with the subject close to the image 

intensifier. This means that, contrary to mechanically-defined isocentric C-arms, the 

target object does not have to be positioned exactly in the middle between the 

radiation source and the image intensifier. The object may be placed closer to the 

image intensifier, which has two positive effects: on the one hand, the patient’s 

radiation burden is reduced, and on the other hand, image quality is enhanced. 

The measurement of Vario 3D is 162×70×170cm
3
 and the weight of C-arm and 

workstation are 280 and 205 kilogram respectively. The Vario 3D has trackball and 

key panel to control the system. 

 

a b

Fig. 2 Ziehm Vario 3D and the movement of the C-arm 
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2.2 Methods 

 

2.2.1 Scanning method 

All images were obtained with both devices using the maximum available rotation 

angle and image numbers. In case of the Siemens Iso-C 3D a maximum rotation of 

190° and a maximum number of 100 fluoroscopic images during the scan were used. 

In contrast the Ziehm Vario 3D enable 100 fluoroscopic images during a maximum 

rotation of 135°. The parameters of both systems were used according to the intended 

protocols by the manufacturers. 

It has to be mentioned that before scanning the C-arm has to be rotated into the 

dedicated starting and end position. After positioning the cadaver and the interested 

region, the device was placed according to the needed position. AP and lateral images 

were used to determine the isocenter with the help of laser seated in the device. The 

images were reconstructed in a few seconds after the scanning. The images were 

reserved in the hard disk of the computer and finally copied to DVD to be evaluated.  

A randomization of the scans was used. The following anatomic regions were 

scanned in a randomized study：wrist, elbow, ankle joint, calcaneus, knee, hip joint, 

acetabulum, iliosacral joint and cervical, thoracic, lumbar spine. The shoulder joints 

were scanned only with Vario 3D. 

All Anatomic regions were first scanned without implant, then the bones were 

fractured, open reductions of the fracture were done and subsequently repeat scanning 

were done. As an example of all randomized scans, scanning list of the knee joints 

with or without implant is shown here. In some cases there was inarticular incongruity 

and in other cases there was intraarticular penetration of the screw in different 

scanning sections. 
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Table 1 Randomization list of knee joint 

Number 

of scan Devices  Region Modus 

Implant 

intraarticular? 

Step in joint 

surface? 

1 Iso-C 3D Knee Native no no 

2 Vario 3D Knee Native no no 

3 Vario 3D Knee Implant yes no 

4 Vario 3D Knee Implant no yes 

5 Iso-C 3D Knee Implant yes no 

6 Vario 3D Knee Implant no no 

7 Vario 3D Knee Implant yes yes 

8 Iso-C 3D Knee Implant yes yes 

9 Iso-C 3D Knee Implant no no 

10 Iso-C 3D Knee Implant no yes 

 

2.2.2 Setup 

2.2.2.1 Upper extremity 

The upper extremity was placed on the small carbon table and both devices were 

placed on the same side. Scans were performed as mentioned above. 

 

a b 

Fig.3 Placement and the position of the devices and upper extremity 
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2.2.2.2 Lower extremity 

For scanning of the lower extremity the cadaver was placed in supine position. The 

lower extremity to be scanned was placed on the table and the other leg was made to 

hang down, so that it would not disturb the X-ray path. During the setup it was 

ensured that there was no metal in the scan field.  

 

a b 

Fig.4 Placement and the position of the devices and lower extremity 

 

2.2.2.3 Pelvis and spine  

The cadaver was placed in supine position and scanned regions were adjusted on 

the table. The two imaging devices were used to get AP and lateral view to ensure the 

isocenter of scan.  

 

2.2.2.4 Shoulder 

The setup is not possible with the Iso-C 3D due to the 190° rotation. But for Ziehm 

Vario 3D, the 135° rotation angle makes it possible to scan the shoulder joint without 

the table or the opposite shoulder coming in the field of scanning. 

 

2.2.3 Native Scan 

Different anatomic regions without fracture and implant were used to get the first 

image series with both devices according to the randomization scan list. 
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2.2.4 Scan after implantation  

The bone were broken with an oscillating saw and then fixed with plates and 

screws with or without articular surface step. There were some screws that were too 

long to penetrate the articular surface. After that, scanning was done with both 

devices. 

 

2.2.4.1 Calcaneus 

Within the right calcaneus a fracture with incongruity step of 1 mm was performed 

and fixed with a standard AO-plate (titanium). There was no intraarticular implant. 

 

a b 

c 
d 

Fig.5 Calcaneus fracture with joint surface step 

 

The calcaneus was dissected and photo documentation was performed. The step in 

the joint surface can be seen clearly (red arrow). The step was measured with a 

calliper (Mitutoyo, Neuss, Germany, accuracy 0.05 mm). 
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Within the left calcaneus a fracture and anatomical reduction were performed. One 

screw was misplaced intentionally to penetrate the subtalar articular surface. 

 

a 

b 

c d 

  

 

 
  

Fig. 6 Calcaneus fracture with screw in joint  

 

The overview of the lateral aspect of the left calcaneus shows the implants in place. 

Within another picture it can be clearly seen that the screw penetrates into the subtalar 

joint (Fig. 6d). The screw is 2.5mm longer than needed. 

 

2.2.4.2 Ankle joint 

  Both ankles were introduced with a fracture, type Weber C, and fixed with a steel 

plate with a syndesmosis screw (red arrow). No rotation of the distal fibula was 

performed. 
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a b 

c 

Fig. 7 Pictures of ankle joint and implant 

 

2.2.4.3 Wrist joint 

Within the right wrist joint, one distal radial fracture was made and then 

anatomically reduced. There was no misplaced implant. 

  The left distal radius was broken and the fracture was reduced with a 2 mm 

articular surface step (Fig 8). 
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a b 

c d 

e
f 

Fig. 8 Images of left wrist joint with articular step 

 

  After scanning, an additional screw was placed into the right distal radius. This 

screw was too long and penetrated into the joint (red arrow). Then the joint was 

scanned again. 
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a 

b

c

Fig. 9 Images of right wrist with screw penetrates articular surface 

 

  After scanning an additional screw was placed to penetrate the left articular surface 

(red arrow). 

 

a 

b
c

Fig. 10 Images of left wrist with articular step and long screw 

 

2.2.4.4 Elbow joint 

  Within the right elbow a supracondylar fracture was introduced and the fracture 

was fixed with two steel LCP-plates. The fracture was repositioned with an 

incongruity of 5 mm step. 
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a

b 

c d 

Fig. 11 Right elbow with articular step 

 

  The same fracture was made in the left elbow joint. The fracture was anatomically 

repositioned, but an overlong screw was used to penetrate the articular surface (red 

arrow). 

 

a 

b
c

Fig. 12 Left elbow with intraarticular screw 

 

2.2.4.5 Knee joint 

A fracture was induced in the right tibial plateau on the medial aspect. The fracture 

was anatomically reduced and fixed with a T-plate. 
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Similar fracture was induced in the left knee joint. The fracture was reduced with a 

3 mm step and a medial titanium L-plate was used to fix it without misplacement of 

the screws (Fig. 13). 

 

a b 

c

Fig. 13 Left tibial plateau fracture with articular step 

 

  After scanning, an additional screw which penetrated the articular surface was 

placed into the right knee joint (red arrow) and repeating scanning was performed.  

 

a b

c

Fig. 14 Right knee with intraarticular screw 

 

  Similar to the right knee, one screw was placed in the left knee to penetrate the 

joint surface. There were intraarticular screw and step in this joint. 
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a 

b

c 

Fig. 15 Left knee with joint step and intraarticular screw 

 

2.2.4.6 Iliosacral joint 

One iliosacral screw was placed into the first sacral vertebra. After the 

intraoperative 3D scanning, a CT scan of the pelvis was performed to serve as the 

gold standard. The screw was placed into the foramen and the spinal canal. 

 

a 

b 

c d 

Fig. 16 Images of iliosacral screw 

 

2.2.4.7 Lumbar spine 

At the Lumbar vertebra 3 (L3), two pedicle screws were placed. The screw on the 
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left side was placed correctly into the pedicle and the right screw penetrated into the 

spinal canal. After scanning with both devices, CT scan of the spine was performed 

due to unavailability of photo documentation and the images of CT were used as the 

gold standard to compare the three dimensional imaging. 

 

a b c

Fig. 17 Lumbar spine with pedicle screw 

 

2.2.5 Evaluation method of image quality and diagnostic accuracy  

The analysis of the image quality and diagnostic accuracy of both imaging 

modalities was performed using a Dicom viewer (efilm, Merge eMed, Milwaukee, 

USA). All images were evaluated by five independent trauma surgeons, three 

residents in their 4th, 6th and 8th year, as well as one consultant and one attending 

surgeon. They were blind regarding which device was used to obtain the images. 

The data sets of the scanning were placed to a data-DVD and transferred to each of 

the observers’ personal computer. A semi-quantitative method was used to evaluate 

the image quality. A questionnaire (table 2), which was established by us, was used to 

evaluate the image quality. These items were analyzed using a visual analogue scale 

(VAS 0-10) and a points system (one to five) taken from earlier publications by 

Richter et al
[25]

 and Kotsianos 
[23, 26]

. The questionnaire was saved by each observer 

using the number of the randomization in a XML form. An excel sheet was 

constructed for further statistical analysis. 
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Date  

Table 2  Evaluation Ziehm Vario 3D /Siemens Iso-C 3D  
 

Evaluated by 

0 

Number Scan   

 

Subjective Image Quality Total 
 

VAS (0 = very bad, 10 = excellent)  

10  

Point System  

Delineation of Cortical bone  
 

VAS (0 = very bad, 10 = excellent)  

10  

Point System  

 

Depiction of Spongy bone  
 

VAS (0 = very bad, 10 = excellent)  

10  

Point System  

0 

0 

Delineation of Joint Surfaces  
VAS (0 = very bad, 10 = excellent)  

0 10 

Point System  

0 

Artefacts 

VAS (0 = very few, 10 = maximum artefacts)  

10  

Point System  

 

Clinical Assessment Total  

VAS (0 = very bad, 10 = excellent)  

0 10 

Point System  

Implant intra-articular  

no                                     yes  

Other screw extra-long?  

no    yes 

OSG: Rotation fault?  

no    yes 

 

Notes 

 

Print  

  

Length of Intra-articular Implant  

not intra-articular 

1 to 2 mm  

3 to 4 mm  

over 5 mm  

Step Deformity 

none 

1 to 2 mm 

over 2 mm 

over 5 mm  

or length intra-articular [mm]  or extent step deformity [mm]  
 

Send Form Reset  



Point system: 

 

[Subjective Image Quality Total] 

1 Excellent quality 

2 Good quality 

3 Acceptable quality 

4 Somewhat reduced quality 

5 Reduced quality 

 

[Delineation of Cortical bone] 

1 Excellent delineation 

2 Good delineation 

3 Acceptable delineation 

4 Barely visible, blurred edges 

5 Completely blurred, no delineation 

 

[Depiction of Spongy bone] 

1 Trabecular structure perfectly visible 

2 Trabecular structure clearly visible 

3 Trabecular structure moderately visible 

4 Trabecular structure barely visible 

5 Trabecular structure not visible 

 

[Delineation of Joint Surfaces] 

1 Excellent delineation 

2 Good delineation 

3 Acceptable delineation 

4 Barely visible, blurred edges 

5 Completely blurred, no delineation 
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[Artifacts] 

1 No relevant artifacts 

2 Few artifacts, barely disturbing 

3 Moderate artifacts, slightly disturbing 

4 Disturbing, evaluation rather limited 

5 Very disturbing, evaluation impossible 

 

[Clinical Assessment Total] 

1 Very good evaluation, no open questions 

2 Good evaluation despite minor quality defects 

3 Evaluation generally possible with some open questions, remarks (see below) 

4 Limited evaluation, control scan recommended, remarks (see below) 

5 No evaluation of query, CT recommended 

 

2.2.6 Statistics 

Statistical analysis was performed using SPSS Version 15.0 (SPSS Inc, Chicago, 

USA). For global statistics, a Mann-Whitney-U Test was performed. A Wilcoxon 

Signed Ranks Test was performed for pair-wise statistics. The comparison of the 

accuracy between the two devices was done with Chi-Square test by cross table. The 

significance was set at p<0.05. 
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3. Results 

All the images were evaluated by the five observers and all together 3180 reading 

scores and points were collected. The accuracy evaluation and answers of the 

questions were analyzed individually. 300 answers about diagnostic accuracy were 

analyzed. 

 

3.1 Global scores 

The results showed that image quality and diagnostic accuracy varies with different 

anatomic region, for example the average image quality score of the wrist joint is 8.70 

but the pelvis is only 6.2. 

 

Table 3 Global scores 

Iso-C 3D Vario 3D 
VAS 

Mean SD Mean SD 

P 

Image quality 6.98 1.66 6.77 1.61 0.165 

Cortical bone 6.86 1.87 6.80 1.63 0.577 

Spongy bone 4.49 2.43 4.94 2.42 0.150 

Joint surface 7.36 1.54 6.67 1.94 0.002 

Artifacts 4.06 2.26 4.6 2.27 0.063 

Clinical 

assessment 7.54 1.66 7.04 1.84 0.016 

 

The statistics shows that there is significantly better delineation of the joint surface 

by the Iso-C 3D than by the Ziehm Vario 3D, and the difference of total clinical 

assessment for the visual analogue scale is significant too. There is no significant 

difference between the two devices for other score. 

  The point distribution graphs are shown as below. 
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Fig 18 The point distribution with different device  
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Distribution of the points of the total image quality is shown in Fig.18a. From the 

graph it can be seen that with Iso-C 3D and Vario 3D most of the points are 2 and 3. 

According to defined point system, the image quality is good or accepted. The same 

results can be seen in the cortical bone, joint surface, and clinical assessment. Fig 18c 

shows the point distribution of spongy bone with two devices. From the distribution it 

can be seen that most of points with Iso-C 3D are 3 and 4, but those with Vario 3D are 

2 and 3. According to defined point system, the trabecular structure is clearly visible 

or moderately visible with Vario 3D, but is moderately visible or barely visible with 

Iso-C 3D. 

  

The accuracy evaluation results are shown in the following table. 

 

Table 4 Right evaluation with two devices 

Device Implant Step/Malrotation 

Iso-C 3D 66/80 62/70 

Vario 3D 70/80 54/70 

P 0.376 0.073 

 

There is no significant difference between the two devices in the general accuracy 

evaluation, however, in the step evaluation the accuracy of Vario 3D is lower than 

Iso-C 3D (P=0.073) 

 

Considering the effect of the soft tissue and the size of the joint, the results were 

divided into four groups: small joint, knee joint, pelvis and spine.  

 

3.2 Small joints 

There were together 8 anatomical regions in this group: wrist, elbow, ankle joint 

and calcaneus.  
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3.2.1 Calcaneus 

With the scanning of the unprepared calcaneus, there was faintness in a small area 

of the anterior joint space of the upper ankle using the Ziehm Vario 3D. A similar 

effect was seen in a small area of the anterior subtalar joint. 

The small step of 1 mm was observed by 3 out of 5 observers using both datasets. 

In both scanning series, 4 out of 5 observers stated the implantation as correct. 

However, all observers stated that the small articular step was hard to be recognized 

due to metal artifacts. 

All observers using Iso-C 3D scanning series and 4 of 5 observers using the Vario 

3D observed the intraarticular screw. The step in the articular surface was recognized 

by 4 of 5 observers by the Iso-C 3D and 3 of 5 observers by the Vario 3D. 

 

3.2.2 Ankle joint 

When without implant, the images of upper ankle joint with Ziehm Vario 3D had 

faintness in a small area of the anterior joint space. Within the corner slices the image 

quality seemed much better without any faintness. 

At the right ankle joint all observers made right decisions referring to the 

implantation of the syndesmosis screw and the malrotation with the two devices’ scan. 

At the left ankle joint all but one observer made right decisions referring to the 

implantation of the syndesmosis screw and the malrotation. 

 

3.2.3 Wrist joint 

All observers did correct judgments of the 3D dataset with both 3D devices when 

there was no misplaced screw. At the right wrist with long screw all observers found 

the intraarticular implant. For the articular surface step with intraarticular screw in the 

left wrist, all but one observer, using the Iso-C 3D dataset defined the implant as 

intraarticular, 3 of 5 observers judged the fracture as anatomic. 5 of 5 observers made 

a right judgment about the implantation and 4 of 5 recognized the step with Ziehm 

Vario 3D images. 
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3.2.4 Elbow joint 

A little faintness occurred in the joint line when using the Iso-C 3D. At the right 

elbow with a joint incongruity, 5 of 5 (Iso-C 3D) and 4 of 5 (Vario 3D) observers 

recognized the joint incongruity of 5mm, but only 4 of 5 (Iso-C 3D) and 3 of 5 (Vario 

3D) observers made a right judgment about the correct implantation. 

  At the left elbow only 3 of 5 observers recognized the intraarticular screw in both 

datasets. Using the Iso-C 3D data all observers gave the right judgment of the 

anatomical reduction, but only 3 of 5 observers gave the same judgment with the 

imaging of the Vario 3D. 

 

Table 5 Scores of small joints with different devices 

Iso-C3D Vario 3D 
VAS Implant 

Mean SD Mean SD 
P 

Without 7.90 1.46 8.00 1.40 0.861 
Image quality 

With 6.95 1.68 6.72 1.60 0.259 

Without 7.95 1.24 7.58 1.96 0.471 
Cortical bone 

With 6.53 1.98 6.73 1.63 0.676 

Without 5.05 1.96 4.50 3.24 0.643 
Spongy bone 

With 4.60 2.40 4.58 2.01 0.984 

Without 8.26 1.04 7.00 2.24 0.060 
Joint surface 

With 7.34 1.45 6.45 2.03 0.007 

Without 2.53 2.33 3.12 2.57 0.406 
Artifact 

With 4.46 2.14 5.25 2.08 0.075 

Without 8.53 1.30 7.50 2.22 0.176 
Clinical assessment 

With 7.46 1.72 7.03 1.93 0.061 

 

There is no significant difference between the scores of the two devices except for 

the scores of joint surface with implant (p=0.007). The score of joint surface with 

Iso-C 3D and Vario 3D is 7.34 and 6.45 respectively. 
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Table 6 Points of small joints with different devices 

Iso-C3D Vario 3D 
Point Implant 

Mean SD Mean SD 
P 

Without 1.60 0.50 1.55 0.60 0.782 
Image quality 

With 2.18 0.72 2.34 0.69 0.181 

Without 1.75 0.85 1.75 0.91 0.927 
Cortical bone 

With 2.40 0.93 2.18 0.83 0.167 

Without 3.00 1.08 1.85 0.59 0.001 
Spongy bone 

With 3.76 0.87 2.86 0.95 0.000 

Without 1.55 0.51 2.10 1.07 0.048 
Joint surface 

With 1.96 0.60 2.46 0.84 0.001 

Without 1.75 0.64 1.75 0.64 1.000 
Artifact 

With 2.64 0.78 2.86 0.81 0.086 

Without 1.45 0.60 1.90 1.17 0.147 
Clinical assessment 

With 1.92 0.67 2.26 0.88 0.009 

   

The difference of the points of spongy bone and joint surface are significant 

(P=0.000 and 0.001). The point of spongy bone with Iso-C 3D is lower than with 

Vario 3D but the point of joint surface is opposite. The point of total clinical 

assessment with implant of Iso-c 3D is lower than Vario 3D (P=0.009). 

 

Table 7 Right evaluation in the small joints 

Device Implant Step/malrotation 

Iso-C 3D 45/50 43/50 

Vario 3D 44/50 42/50 

P 0.749 0.779 

 

There is no significant difference with different devices in the right evaluation. 

 

 28



The following figures are images of ankle joint as one example of the images of 

small joints.  

 

  

  

 
 

Siemens Iso-C 3D Ziehm Vario 3D 

Fig. 19 Images of ankle joint without implant 
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Siemens Iso-C 3D Ziehm Vario 3D 

Fig. 20 Images of ankle joint with implant 
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3.3 Knee joint 

After inserting one screw, 1 of 5 observers did a right judgement about the 

intraarticular screw with Iso-C 3D, whereas all observers recognized the intraarticular 

screw within the Vario 3D dataset. All but one observer rated the fracture without a 

step in the joint line. 

With a step in the joint surface of the left knee, all but one observer judged that 

there was no misplaced screw. The joint step of 3 mm was recognised by all observers 

correctly in the dataset of the Iso-C 3D, but only 1 of 5 observes within the Vario 3D 

scan. At the left knee, all observers, using the Iso C 3D dataset rated the implantation 

of the screw correctly; using the Vario 3D dataset one observer did a misreading 

referring to the implantation. 4 of 5 observers with the Iso-C 3D and 2 of 5 observers 

with the Vario 3D scan reported the step in the joint line of 3mm. 

 

Table 8 Scores of knee joints with different devices 

Iso-C3D Vario 3D 
VAS Implant 

Mean SD Mean SD 
P 

Without 7.60 1.67 8.60 0.74 0.136 
Image quality 

With 7.38 0.86 6.75 1.45 0.091 

Without 7.90 1.88 8.30 0.84 0.684 
Cortical bone 

With 7.25 1.44 7.20 1.13 0.917 

Without 5.00 0.94 5.50 2.65 0.786 
Spongy bone 

With 5.25 2.91 4.98 2.60 0.587 

Without 8.10 1.43 8.50 1.00 0.588 
Joint surface 

With 7.85 1.03 6.88 1.44 0.012 

Without 2.90 2.38 2.60 2.90 0.715 
Artifact 

With 4.15 1.91 4.53 1.96 0.584 

Without 8.20 1.10 8.50 1.00 0.257 Clinical 

assessment With 7.63 0.89 7.30 1.04 0.241 
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There is no significant difference with these two devices in all twelve scores except 

for the joint surface scores with implant (p=0.012). The score of joint surface with 

Iso-C 3D is higher than those with Vario 3D. 

 

Table 9 Points of knee joints with different devices 

Iso-C3D Vario 3D 
Point Implant 

Mean SD Mean SD 
P 

Without 1.80 0.84 1.20 0.45 0.257 
Image quality 

With 2.00 0.46 2.10 0.64 0.564 

Without 1.80 0.84 1.20 0.45 0.257 
Cortical bone 

With 2.20 0.77 2.00 0.46 0.372 

Without 2.80 0.45 1.60 0.55 0.034 
Spongy bone 

With 3.60 0.82 2.40 0.60 0.001 

Without 1.80 0.45 1.40 0.55 0.317 
Joint surface 

With 1.90 0.55 2.05 0.76 0.490 

Without 2.00 0.71 1.80 0.45 0.564 
Artifact 

With 2.35 0.49 2.35 0.67 1.000 

Without 1.60 0.55 1.00 0.00 0.083 Clinical 

assessment With 1.85 0.37 2.00 0.56 0.317 

 

The statistics show no significant difference in the evaluation of the observers 

between the two devices except the spongy bone. The description of spongy bone 

with Ziehm Vario 3D is better than Iso-C 3D (P=0.001). 

 

Table 10 Right evaluation in knee joint 

Device Implant Step/malrotation 

Iso-C 3D 16/20 19/20 

Vario 3D 18/20 12/20 

P 0.661 0.020 
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For the step, the difference of diagnostic accuracy with different devices is 

significant. The result is 95% versus 60% and p=0.02. The diagnostic accuracy with 

Iso-C is higher than Vario 3D. 

 

  

  

  

Siemens Iso-C 3D Ziehm Vario 3D 

Fig. 21 Images of knee joint without implant 
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Siemens Iso-C 3D Ziehm Vario 3D 

Fig. 22 Images of knee joint with implant 

 

3.4 Pelvis 

Because of the soft tissue and effect of the opposite side, the image quality of hip 

joint was inferior to the small joints and knee joint (For example the scores of the total 

image quality of small joints without and with implant are 7.90 and 6.95, but the 

pelvis are 6.25 and 5.60). With both devices, slight faintness at the joint line near the 

center of the acetabulum and the boundary of the hip joint occurred. However, using 

the Vario 3D this issue was more serious within the axial and sagittal slices. 

For the iliosacral joint, an acceptable three-dimensional dataset could be obtained 

with both devices even though the image quality was inferior due to the huge volume. 
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In both datasets the foramina were hardly recognized. The whole results are below. 

 

Table 11 Scores of pelvis with different devices 

Iso-C3D Vario 3D 
VAS Implant 

Mean SD Mean SD 
P 

Without 6.25 1.27 6.80 2.26 0.483 
Image quality 

With 5.60 2.46 5.40 1.95 0.577 

Without 6.15 1.47 6.40 2.08 0.513 
Cortical bone 

With 5.00 2.32 5.90 1.71 0.109 

Without 3.10 1.94 5.65 2.26 0.019 
Spongy bone 

With 6.60 1.85 7.00 2.52 0.785 

Without 6.85 1.13 5.95 3.07 0.474 
Joint surface 

With 5.80 2.17 7.10 0.65 0.285 

Without 4.55 2.34 4.40 2.76 0.799 
Artifact 

With 5.00 2.94 5.80 2.01 0.336 

Without 7.10 1.45 6.35 2.83 0.575 Clinical 

assessment With 6.00 3.00 6.30 1.44 0.893 

 

There are no significant differences in the scores between the two devices except 

the spongy bone without implant. The scores of spongy bone without implant with 

Vario 3D is 5.65 and Iso-C 3.10 (P=0.019). 
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Table 12 Points of pelvis with different devices 

Iso-C3D Vario 3D 
Point Implant 

Mean SD Mean SD 
P 

Without 2.80 0.63 2.30 0.95 0.132 
Image quality 

With 2.80 1.30 3.20 0.84 0.317 

Without 2.50 0.71 2.50 0.85 1.000 
Cortical bone 

With 3.20 1.09 2.80 0.84 0.414 

Without 3.60 0.84 2.70 1.15 0.070 
Spongy bone 

With 3.80 1.30 3.60 1.14 0.564 

Without 2.40 0.52 2.80 1.23 0.194 
Joint surface 

With 2.60 0.89 2.40 0.55 0.705 

Without 2.70 1.06 2.50 0.85 0.557 
Artifact 

With 3.00 1.41 3.20 0.48 0.655 

Without 2.30 0.82 2.60 1.35 0.480 Clinical 

assessment With 2.60 1.34 2.60 0.89 1.000 

 

The statistics show no significant difference in the evaluation of the observers with 

two devices. 

 

Table 13 Right evaluation in pelvis 

Device Implant 

Iso-C 3D 4/5 

Vario 3D 4/5 

P 1.000 

The diagnostic accuracy is the same. 
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Siemens Iso-C 3D Ziehm Vario 3D 

Fig. 23 Images of iliosacral joint without implant 
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Siemens Iso-C 3D Ziehm Vario 3D 

Fig. 24 Images of iliosacral joint with screw 

 

3.5 Spine 

With the spine both devices got acceptable datasets. However, it is known that the 
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image quality of spine is reduced using the Iso-C 3D compared to smaller regions
[33, 

34]
. The image quality of the thoracic spine seems slightly better in both devices 

compared with the lumbar spine. 

Due to a mandibular plate, metal artifacts were unavoidable. However, the image 

quality is comparable because the disturbance of the images occurs in both devices 

due to the same setup and same height of scanning. Using the Ziehm Vario 3D the 

artifacts due to the mandibular plate are more apparent than using the Iso-C-3D. One 

observer remarked that a clinical evaluation using this dataset may be more 

complicated than using the Iso-C-3D dataset. 

 

Table 14 Scores of spine with different devices 

Iso-C3D Vario 3D 
VAS Implant 

Mean SD Mean SD 
P 

Without 6.00 1.50 6.37 1.11 0.410 
Image quality 

With 5.50 1.77 5.20 1.10 0.498 

Without 6.37 2.00 6.50 1.44 0.778 
Cortical bone 

With 6.10 1.47 5.90 1.08 0.854 

Without 3.23 2.37 5.40 2.65 0.020 
Spongy bone 

With 2.80 2.56 3.90 1.78 0.416 

Without 6.33 1.74 6.87 1.47 0.493 
Joint surface 

With 6.00 1.97 7.00 2.15 0.141 

Without 4.57 2.17 4.27 1.68 0.489 
Artifact 

With 5.50 0.94 5.30 1.30 0.683 

Without 7.17 1.48 6.90 1.49 0.563 Clinical 

assessment With 6.10 2.48 6.20 1.60 1.000 

 

There are no significant differences in the scores between the two devices in the spine 

except the spongy bone without implant (P=0.020). 
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Table 15 Points of spine with different devices 

Iso-C3D Vario 3D 
Point Implant 

Mean SD Mean SD 
P 

Without 2.53 0.74 2.40 0.51 0.480 
Image quality 

With 2.80 0.84 2.80 0.45 1.000 

Without 2.67 0.90 2.53 0.74 0.713 
Cortical bone 

With 2.40 0.55 2.60 0.55 0.317 

Without 3.87 0.92 3.13 0.92 0.061 
Spongy bone 

With 4.00 1.22 3.60 0.89 0.414 

Without 2.40 0.74 2.13 0.64 0.279 
Joint surface 

With 2.60 0.55 2.20 1.10 0.317 

Without 2.73 0.80 2.80 0.56 0.739 
Artifact 

With 3.60 0.55 3.40 0.89 0.414 

Without 2.33 0.72 2.40 0.74 0.873 Clinical 

assessment With 2.80 0.84 2.40 0.55 0.317 

 

There is no significant difference in the evaluations of the observers between the two 

devices. 

 

Table 16 Right evaluation in the lumbar spine 

Device Implant 

Iso-C 3D 1/5 

Vario 3D 4/5 

P 0.206 

 

Using the Iso-C 3D dataset only 1 of 5 observers rated the pedicle screw inside the 

spinal canal, but 4 of 5 observers recognized the intraspinal implantation with the 

Vario 3D dataset. However 4 out of 5 (Iso-C 3D) or respectively 3 out of 5 (Vario 3D) 

observers wrote that they couldn’t give a correct judgement of the implantation due to 
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strong metal artifact in the axial plane. 

 

  

  

  

Siemens Iso-C 3D Ziehm Vario 3D 

Fig. 25 Images of lumbar spine without implant 
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Siemens Iso-C 3D  Ziehm Vario 3D 

Fig. 26 Images of lumbar spine with pedicle screw 
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3.6 Shoulder joint 

Using the Ziehm Vario 3D a slight faintness between the humeral head and the 

glenoid occurred. Because of the absence of the Iso-C 3D dataset, there is no 

comparison. 

 

Table 17 Scores and points in shoulder 

VAS Vario 3D Point system Vario 3D 

 Mean SD  Mean SD 

Image quality 6.60 0.58 Image quality 2.40 0.49 

Cortical bone 6.50 1.64 Cortical bone 2.40 0.80 

Spongy bone 4.70 0.40 Spongy bone 2.80 0.75 

Joint surface 6.60 0.66 Joint surface 2.40 0.49 

Artifacts 3.20 1.91 Artifacts 1.80 0.75 

Clinical 

assessment 
7.60 0.66 

Clinical 

assessment 
2.00 0.00 

 

  

Fig. 27 Images of shoulder with Ziehm Vario 3D 
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4. Discussion 

C-arm fluoroscopy is commonly used in trauma surgery and operative orthopedics, 

to verify the repositioning of dislocated fracture fragments, the reconstruction of joint 

surfaces, and the position of materials introduced for osteosynthesis. But this method 

can only provide 2D images, which is not reliable to define the exact position of the 

implant in the bone segment, especially in the pedicle screw where the misplacement 

could reach up to 40% of the cases.
[35]

. Siebenrock and Gerberfound reported that the 

reproducibility of classification of fractures of the proximal humerus using 

conventional method is only 38% 
[8]

. 

CT image became the standard method for the classification of fractures 

pre-operation or evaluation post-operation, especially at complex sites. The 

classification with CT is more accurate and the segments of fracture are seen more 

‘directly’ than with conventional methods
[36, 37]

. Some author found that CT scanning 

can identify missed spinal and acetabulum fractures and the rate is even up to 18%
[38, 

39]
. Some studies already found that the preoperative 3D reconstruction can give much 

more useful information than conventional and intraoperative fluoroscopy
[40, 41]

. In 

some cases the rotation of the femur can be measured by CT, and the accuracy is 

much higher than by clinical measurement or by conventional X-ray film
[42]

. For the 

postoperative analysis, the 3D reformation can provide more information to help to 

analyze the rotation, the exact length of the bone and the comparison of different 

sites
[43, 44]

 

  Hackl et al reported that 40% of the classification of 45 tibial plateau fractures were 

changed after using CT scan compared with using conventional fluoroscopy
[10]

. Many 

clinical studies showed the CT is more useful in diagnosis and for preparation of the 

operation 
[9, 12]

. In the intraarticular acetabulum fracture, the diagnostic accuracy of 

CT is even 5 times than the traditional X-ray film
[45]

. 

  Another big problem is that the reconstruction of 3D imaging can only be 

performed in the radiology department, and the patient must be transported from the 

operation room to another place after the operation. There are intraoperative CT or 
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MRI systems that can provide intraoperative 3D imaging. But the disadvantages are 

the limited operation conditions in the CT scanner, the high logistic expenditure 

(manipulating the patient and retention during the scans, technical assistant inevitably) 

as well as higher expenses for the purchase, maintenance and specialized radiographic 

technician. Even the installation of a CT scanner is frequently not feasible in existing 

operating theatres due to limited space and static of the complete building. Thus 

further spreading of this technology has not taken place yet. 

  Now more and more minimally invasive operations are used to minimize the 

secondary damage 
[46]

. For the surgeons it is difficult to get adequate image based on 

intraoperative 2D radiography 
[47]

. When post-operative CT shows the step of the joint 

surface or misplacement of the screw, a later revision is unavoidable, which can 

induce blood loss, increase the infection rate and the cost.  

New intraoperative 3D imaging with mobile C-arm promises to considerably 

improve the information available during surgery, compared to what is available 

currently, namely, intra-operative fluoroscopy and postoperative X-ray control. The 

C-arm can get multiplanar 3D reconstruction images in few seconds after the scan. 

This can be used for the operator to analyze the reposition intraoperatively, and to 

identify whether there are some screws that are too long or are penetrating the joint 

surface. Consequently, the operator would be able to do the repair after the scan. 

For most intraoperative high contrast investigations, the intraoperative 3D imaging 

(Siremobile Iso-C 3D) is clearly superior to the current standard procedure 

(intraoperative fluoroscopy and post-operative X-ray control) in terms of treatment of 

fractures and anatomically correction of joint surfaces repositioning
[23, 25, 34, 48]

. 

Compared to intraoperative CT, a mobile C-arm can provide considerably better 

patient access, facilitate work in sterile conditions, and, with the dimensions of 

customary C-arms, it does not require additional space in the operation room (OR). In 

addition, it is clearly more cost-effective than an intraoperative CT system. It can 

improve flexibility in patient positioning and shorter scan acquisition times. Patients 

can be placed in the supine, lateral decubitus, or prone positions.  

Compared to the results obtained with standard CT protocols for lumbar spine 
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studies, the 3D C-arm has been associated with 57 to 77% reduction in radiation 

exposure 
[31]

. A standard 100-image Iso-C 3D capture is equivalent in radiation to 40 

seconds of standard fluoroscopy. The typical dose is approximately one-thirtieth the 

radiation dose of a modern CT scanner. In most cases, only one spin is necessary for 

navigation. The radiation dose is doubled when a post instrumentation intraoperative 

scan is obtained. 

This new technology has the potential to play a significant role in improving the 

quality of surgical procedures. The size and handling of the system differ very little 

from that of a normal C-arm system. Therefore, no additional logistic expenditures are 

necessary. 3D imaging can lend a diagnostic certainty to intraoperative procedures 

that were not available with previous navigation systems. For example, the ideal 

positioning of implants or hardware and the extent of decompression of bony 

structures can be confirmed before a procedure is concluded. This technology may 

demonstrate particular importance in the field of minimally invasive instrumentation - 

not only by the technique itself but also in combination with other technical and 

assessment procedures, particularly navigational procedures. 

Now Iso-C 3D is used in many other fields, for example the facial skeleton 

operation, dental and neurosurgery operation 
[20, 24, 49]

. With the development of 

navigation techniques, more and more navigational operation based intraoperative 3D 

imaging are used, especially in pedicle screw fixation
[33, 34, 50]

. Other applications 

include screw insertion to the iliosacral joint and open drilling for osteochondral 

lesions of the talus etc 
[22, 51]

 . The application of the Iso-C 3D provides the surgeon 

with both three-dimensional mapping of the anatomical substrate and virtually 

real-time imaging. Navigation with the Iso-C3D shows good feasibility without 

requiring a registration, and therefore results in acceptable procedure time and minor 

radiation exposure. The rapid advances in computer aided planning of interventions; 

intraoperative imaging and the development of navigation systems have been 

especially beneficial. Based on 3D imaging, surgical navigation is designed to 

accurately match image data to the patient, thus enabling exact localization of 

anatomical structures. 
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The intraoperative 3D imaging represents a major advance in the operation 

technique, but it still has some limitations. The most frequently mentioned is the 

image quality, which is inferior to the CT images 
[20, 25, 31, 32]

. Imaging of bone in the 

neighborhood of metal implants is challenging. The image acquisition volume in 3D 

imaging system is only 12 cm
3 

which is much smaller than in CT. Finally, because 

this technology is still fluoroscope based, retractor systems can interfere with images 

and it is relatively useful for high contrast tissue, for example skeleton, but less useful 

for soft tissues. 

Since 2001 Iso-C 3D is used extensively but it has some disadvantages, for 

example the high weight, the limited scan field and the inferior image quality etc. 

Subsequently the company Ziehm introduced another interoperative 3D imaging 

device-Vario 3D, which is used many new techniques like the variable isocenter, the 

smaller scan range etc. 

Before public application, every image modality has to be tested according to the 

U.S. Food and Drug Administration (FDA) and European Commission rules, not only 

by phantom, but also clinical evaluation. Since many parameters including image 

quality can only be undertaken based on clinical studies 
[54]

, we performed this study 

to test the new device which incorporates many new techniques. The results were 

submitted to FDA. 

 

4.1 Image quality 

4.1.1 Evaluation methods of image quality in medical radiology 

There are many approaches to assess image quality, ranging from subjective 

observer opinion to objective quantitative measures such as the modulation transfer 

function and noise power spectrum. 

These two methods that are used to evaluate the image quality have their 

advantages and disadvantages respectively. For the objective method such as the 

signal-noise-ratio and transfer function, the problem is that normally the results are 

not consistent with clinical application. When there is significant difference but for 

the observer the images are often the same, this is the detection difference between 

 47



human eye and the objective measures. The subjective method relies on the 

radiologist and clinical images. Its problem is the subjectivity of reading the test, 

which results in considerable intra-observer and inter-observer variability and may 

make the detection of image quality unreliable 
[53]

. This situation can be improved if 

the measurement is made by several independent observers and/or images
[54]

. A useful 

semi-quantitative measurement is the threshold contrast– detail diameter test, which is 

recommended in several quality assurance protocols 
[55]

 . The test has the advantages 

to be relatively simple to conduct, and to yield amenable results by theoretical 

analysis because there are well established relationships between the contrast–detail 

result and image signal-to-noise ratio
[56]

. 

 

4.1.2 Methods to get scores of the images in this study  

Five experienced trauma surgeons were assigned as the observers who evaluated 

the quality of the images taken by two different devices from different anatomic 

regions. In order to minimize bias, all observers were blind regarding which device 

was used to take the images. 

The adapted subjective semi quantitative score system are designed and used to 

define the image quality of cortical, spongy bone and joint surface. A modified Visual 

Analogue Scale (VAS) and point system are used to evaluate the image quality 
[25, 31]

. 

The VAS system was used to calculate the exact score of the images and the point 

system was used to classify the image quality and clinical application. Thus the results 

are quantified and much comparable and valuable. 

 

4.1.3 Results of different region and device 

The results show that the average score of total image quality is about 7 in the VAS 

and good quality or acceptable quality in the point system. The clinical assessment is 

good evaluation despite minor quality defects. For example, with Iso-C 3D the 

average score of the cortical bone is 6.86, but average score for the spongy bone is 

only 4.49. The same results are achieved in the scores received with Ziehm Vario 3D. 

With the point system, most images of cortical bone showed good delineation or 
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acceptable delineation, most images of the spongy bone showed trabecular structure 

moderately visible or barely visible.  

Without implant, the image quality is good and the clinical assessment is good. But 

with implant, the scores are much lower than that is received without implant. With 

implant the artifact is significant and the evaluation is somewhat affected by the 

artifact but the diagnostic accuracy is still high and the clinical assessment is still 

good, even in the pelvic area, just like many authors’ results
[24, 25, 31, 48, 57]

.  

With Ziehm Vario 3D, especially in joints such as the ankle joint or the hip joint 

that is covered by bone, there was some faintness of the joint surface in small areas 

from the three dimensional dataset. This issue was discussed with the engineers of the 

Ziehm Company. However, the reason for this faintness is unclear. The possible 

explanation may be the algorithm to produce the three dimensional dataset or the 

reduced rotation of 135° in contrast to the 190° scan of the Siemens Iso-C 3D. 

However, the same issue occurs when using the Iso-C 3D to image a joint covered 

with bone. In this case the faintness is slightly less compared with the Ziehm Vario 

3D. The delineation of the joint surface with Iso-C 3D is better than Vario 3D, but the 

scores for the spongy bone with Vario 3D are higher than those with Iso-C 3D. Over 

all there is no significant difference for most tested values. 

 In the case of large joints close to the trunk (hip and shoulder joints), the geometry 

of the C-arm and the space required for free rotation limit the area and volume that 

can be examined. The presence of additional body parts in the path of radiation, such 

as the opposite leg, can also impair image quality. The exposure time of 100 seconds 

poses a further limitation, since even small movements can cause image artifacts. In 

further studies, we intend to limit the number of projections recorded, and thus the 

orbital angle movement, to improve the access to the patient and operating table. 

Because the orbital movement around 190° is not possible and full rotation in this 

case is restricted by the isocentric design with the shoulder joint, there wasn’t image 

received with Iso-C 3D. However, the Ziehm Vario 3D only need 135° rotation and 

3D image can be received, and it can be used to scan the shoulder joint.. 
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4.1.4 Artifact 

  Artifacts can seriously degrade the quality of images, sometimes to the point of 

making them diagnostically unusable. CT images are inherently more prone to 

artifacts than conventional radiographs because the image is reconstructed from 

something on the order of a million independent detector measurements 
[58, 59]

. It is 

possible to group the origins of these artifacts into four categories: (a) physics-based 

artifacts, which result from the physical processes involved in the acquisition of CT 

data; (b) patient-based artifacts, which are caused by such factors as patient 

movement or the presence of metallic materials in or on the patient; (c) scanner-based 

artifacts, which result from imperfections in scanner function; and (d) helical and 

multisection artifacts, which are produced by the image reconstruction process. The 

presence of metal objects in the scan field can lead to severe streaking artifacts. They 

occur because the density of the metal is beyond the normal range that can be handled 

by the computer, resulting in incomplete attenuation profiles. It is clearly noticed that 

the scores and clinical assessments are significantly lower with implant compared to 

without implant in the scan site. But since the implant affect is the same for the 

comparison, the comparison is feasible.  

For the small joint without implant the artifact is very low, but with implant the 

artifact is significant. In the pelvic and spinal region the artifact is more serious than 

in the small joints. When there are implants, the artifact is serious enough to almost 

affect diagnosis. With the pedicle screw, 4 out of 5 (Iso-C 3D) or 3 out of 5 (Vario 3D) 

observers wrote that they couldn’t give a correct judgement of the implantation due to 

strong metal artefacts in the axial plane, even though the total accuracy is acceptable. 

Although both show pronounced metal artifacts, the anatomical situation and the 

position of the implants could still be evaluated. However, imaging of bone in the 

neighborhood of metal implants is a challenge
[32]

. The scores from both devices show 

no significant difference for the artifacts. 

 

4.2 Diagnostic accuracy 

The diagnostic accuracy is affected by image quality and the experience of the 
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observers. Five experienced surgeons gave relatively accurate results in this study. In 

the knee joint the detection rate of the articular step is higher with Iso-C 3D (19/20) 

than with Vario 3D(12/20)(p=0.02). The scores in the joint surface with Iso-C 3D is 

higher than with Vario 3D which is consistent with the accuracy. The total accuracy is 

84% (252/300). In small joints, 42-45/50 incorrect position can be recognized. For the 

lumbar pedicle screw using the Iso-C 3D, only 1 of 5 observers rated the pedicle 

screw inside the spinal canal, 4 of 5 observers recognized the intraspinal implantation 

using the Vario 3D dataset. However, most of the observers said that it’s difficult for 

them to give a correct judgement due to strong metal artefacts in the axial plane. 

Linsenmaier
[31]

 used talus screw to do the test and found that 93% of the screws were 

correctly identified by the observers and Richter
[25]

 used Iso-C 3D in foot and ankle 

trauma and reported that the rating from the 8 surgeons involved were 9.5 (6.1-10.0) 

for accuracy. The image quality is better and artifacts are lower with small joint than 

with big joint and spine, thus the accuracy is higher. The difference of diagnostic 

accuracy with these devices is not significant (128/105 versus 124/150). There is no 

significant difference between the two devices in various anatomical regions. 

 

4.3 Total clinical assessment scores 

The total clinical assessment score is about 6-8 although there is inferior image 

quality especially in the big joint and spine with implant. The evaluation in the point 

system is good despite minor quality defects. The scores of clinical assessments with 

Iso-C 3D in the small joints are 7-8, 6-7 in spine and pelvis. The same results are 

received with Vario 3D. There is no significant difference between these two devices. 

The results are similar to many clinical results reported from many medical centers 

with Iso-C 3D 
[20, 22, 24, 25, 29, 32]

. The economic aspect of the intraoperative 3D imaging 

with Iso-C 3D was analyzed in Hüfner’s article
[60]

. Although the costs of an Iso-C 3D 

are considerably high, an economic benefit can still occur with frequent application 

and avoidance of unnecessary revision. The intraoperative 3D imaging is valuable 

because the total image quality is useful and the cost is relatively more economical. 

The Vario 3D demonstrated the same results as the Iso-C 3D in this study.  
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4.4 Total comparison of the two devices 

 Over all, there is some small difference in some aspects, but there is no significant 

difference of most parameters used in this study comparing Iso-C and Vario 3D. The 

images taken by either one of these machines are similar in term of quality. However, 

Vario 3D seems to provide a better image of the spongy bone while Iso-C provides 

clearer images of the articular surface. In addition, the study revealed some faintness 

of the shoulder, hip and ankle images when Vario 3 D was utilized to scan the images. 

Another important point is relationship between position of the object of interest 

and the C-arm. In order to obtain a good image by using Iso-C, the scanning object 

needs to be positioned in the isocentric point of the C-arm in both anterior-posterior 

and lateral projection. This is sometime difficult to achieve and raise the potential to 

expose the patient to more radiation when several scans need to be taken. However, 

this is not a problem with Vario 3D. Though Vario 3D has its disadvantages, it 

incorporates many new technologies. Its variable isocenter can improve the image 

quality and reduce the radiation exposure. Its 135° scan rotation can be used in the 

shoulder joint. It is smaller and weighs less. And its touch screen and trackball are 

more convenient and make the operation easier. 

 

4.5 Limitations 

One limitation of our study is that the experiments are based on anatomical 

specimens with a reduced bone quality compared to living patients in clinical 

evaluation. The image quality is reduced because of low bone quality that made it 

more difficult for the observers to give exact score compared to using phantom. With 

the use of the DICOM-viewer software, e-film, further limitation occurs. The 

multiplanar reformations are limited and the third reformation in space can not be 

placed in any direction within this software. With this limitation some deficits in the 

analysis with the joint surface may occur. In this study only one cadaver with 19 

anatomy regions was used, so we divided the scans into 4 groups to analyze the scores. 

It would be better if more cadavers were used. An evaluation in a clinical setting will 

be carried out in the near future and these problems will be considered.
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5. Summary: 

 

In 2001 Siemens introduced the first intraoperative mobile 3D imaging system, 

Iso-C 3D, which can provide intraoperative 3D imaging just like CT dose. It can be 

used as an evaluation tool during the operation and connected with navigation systems. 

Many clinical studies showed that the intraoperative 3D imaging is considered to offer 

clear advantages over current 2D C-arm visualization tools. But it has some 

disadvantages such as the heavy weight, 190° rotation during one scan etc. Ziehm 

Company introduced their new intraoperative 3D imaging system, Vario 3D, which is 

smaller, better handling, interrupted scan and can be used for the shoulder joint. The 

variable iso-center can reduce the radiological exposure of the patient and provide 

theoretically better image quality. 

The purpose of this study is to evaluate the image quality and diagnostic accuracy 

of Vario 3D and compare those features to those of the previous model, Iso-C 3D, 

which is now a wildly used intra-operative imaging system.  

One cadaver 19 anatomy regions were used in this study. Two devices, Siemens 

Siremobile Iso-C 3D and Ziehm Vario 3D, were used for comparison. All images 

were collected using maximum rotation and image numbers for both devices. A 

randomization scan list was performed including joints without or with implant. The 

anatomical regions were first scanned without implant and then broken and fixed with 

plates and screws. All these regions were scanned with two devices except shoulder 

joints. After being broken these regions were fixed with some articular steps and 

intraarticular screws. These were used to evaluate the image quality with metal 

artifact and diagnostic accuracy of articular step and intraarticular implant. 

Semi-quantitative method was used to evaluate the image quality. Five experienced 

trauma surgeon were asked to give scores and points of the image quality and judge if 

there were step or intraarticular implant. When they have some questions, they could 

note them in the table. 

3180 reading scores and points were collected. 300 answers about diagnostic 
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accuracy were analyzed. Most of the global results have no significant difference. 

There is significant better delineation of the joint surface by Iso-C 3D than by Ziehm 

Vario 3D, but delineation of the spongy bone by Vario 3D is better than by Iso-C 3D. 

There were some faintness of the joint surface in small areas of the three dimensional 

dataset by Vario 3D. In the groups of small joints, knee, spine and pelvis, the same 

results were achieved. The scores of cortical and spongy bone with implant are 

significantly lower than those without implant. The artifact was much higher with 

implant and almost affects the accuracy evaluation in spine pedicle screw. When there 

was small joint surface step, it was difficult to give correct diagnose because of the 

strong metal artifact.  

The diagnostic accuracy is almost the same for the two devices. The total accuracy 

is about 80-90%, even though there were some artifacts especially in spinal and pelvic 

regions, the total clinical assessment are satisfactory. 

Over all, there is no significant difference from most parameters measured in this 

study between Iso-C and Vario 3D. The Vario 3D is a new valuable device equivalent 

to Iso-C 3D despite some disadvantages. 
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