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Abstract The objective of this study is to evaluate

feasibility, accuracy and time requirements of MR/CT

image fusion of the lumbar spine after spondylodesis.

Sagittal MR and CT images derived from standard

imaging protocols (sagittal T2-weighted MR/sagittal

reformatted multi-planar-reformation of the CT) of the

lumbar spine with correct (n = 5) and incorrect (n = 5)

implant position were fused by two readers (R1, R2)

using OsiriX in two sessions placing one (session 1) or

two (session 2) reference point(s) on the dorsal tip(s) of

the cranial and caudal endplates from the second lumbar

to the first sacral vertebra. R1 was an experienced mus-

culoskeletal radiologist; R2 a spine surgeon, both had

received a short training on the software tool. Fusion

times and fusion accuracy, defined as the largest deviation

between MR and CT in the median sagittal plane on the

ventral tip of the cranial end plate of the most cranial

vertebra visible on the CT, were measured in both

sessions. Correct or incorrect implant position was eva-

luated upon the fused images for all patients by an

experienced senior staff musculoskeletal radiologist.

Mean fusion time (session 1/session 2; in seconds) was

100.4/95 (R1) and 104.2/119.8 (R2). Mean fusion devia-

tion (session 1/session 2; in mm) was 1.24/2.20 (R1) and

0.79/1.62 (R2). The correct/incorrect implant position was

identified correctly in all cases. In conclusion, MR/CT

image fusion of the spine with metallic implants is fea-

sible, fast, accurate and easy to implement in daily routine

work.

Keywords Image fusion � MRI � CT � Lumbar spine �
Spondylodesis

Introduction

Fusion of magnetic resonance (MR)- and computed

tomography (CT)-derived images has been implemented in

cardiac imaging [1–5], spinal radiosurgery [6] and com-

puter-assisted craniofacial surgery [7–9] over the last years.

However, only limited data are available regarding mus-

culoskeletal MR/CT image fusion [10, 11]. MR imaging of

the postoperative spine suffers from susceptibility artifacts

caused by metallic implants. Therefore, assessment of

integrity and correct position of metal installations is

almost impossible. On the other hand, MR imaging is the

method of choice for the evaluation of soft tissue struc-

tures. CT is considered the diagnostic imaging modality of

choice to evaluate metal implants for possible disruption or

incorrect placement, whereas the quality of soft tissue

information is considered to be below MR standards. To

combine the soft tissue information of MR imaging with

the information about implants and bone provided by CT is

practically relevant.
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The purpose of our study was to evaluate the feasibility,

accuracy and additional time requirements of MR/CT

image fusion of the lumbar spine after spondylodesis using

a free, open source post-processing software tool.

Materials and methods

Institutional review board approval was granted based on a

general waiver, taking into account that patients have the

possibility to choose if their data can be used for retro-

spective investigations or not.

Patients

Between January 2008 and November 2008, 45 conse-

cutive patients had both an MR and CT examination of

the lumbar spine at our institution. Twenty-three of them

were examined by both modalities on the same day,

within the routine postoperative follow up procedure. Of

these 23 patients, 19 had metallic implants in their

lumbar spines after spondylodesis. Implant position was

reported to be correct in 14 patients and incorrect in five

patients. These five patients with incorrect implant

position as well as five patients with correct implant

position were included in our study. Two senior mus-

culoskeletal radiologists (YY, blinded, 14 years of

experience with cross-sectional imaging of the spine, and

ZZ, blinded, 20 years of experience) confirmed the cor-

rect (n = 5) or incorrect (n = 5) metal position using all

available clinical and radiological information before the

patients were included in the study.

Imaging

Imaging protocols for both MR and CT corresponded to

the standard operating procedures of our institution. The

indications for both scans had been made by the sur-

geons responsible for following the patients. For all MR

imaging, a 1.5 T Scanner (Avanto, Espree or Symphony,

Siemens Medical Solutions, Erlangen, Germany) was

used. All CT examinations were performed on a 40

detector row CT scanner (Brilliance CT 40, Philips

Medical Systems, Eindhoven, The Netherlands). The MR

protocol included sagittal T1- and T2-weighted as well

as transverse T2-weighted sequences angled into the

intervertebral spaces individually. A detailed description

of MR scanning parameters of the used sequence is

provided in Table 1. Multi-planar reformations (MPR) of

the CT data were obtained with a reconstruction slice

thickness of 2 mm and a reconstruction increment of

1 mm in transverse, sagittal and coronal planes, as

described in Table 2.

Image fusion

The sagittal T2-weighted MR sequence and the sagittal

MPR of the CT were transferred from the PACS (picture

archive and communications system) to a separate work-

station (MacPro, Apple, Cupertino, CA, USA) featuring

OsiriX, a free and open source post-processing and fusion

software tool [12–15]. Two readers received a short train-

ing on the software before they started with the two image

fusion sessions. Reader 1 (R1) was a fellowship-trained

musculoskeletal radiologist (DD, blinded, 5 years of cross-

sectional image interpretation experience). Reader 2 (R2)

was a senior staff spine surgeon (LL, blinded, no formal

training in cross-sectional image interpretation but with

practical experience in outpatient clinics and surgical

planning). Both readers were blinded to the results of each

other and did not have access to clinical information of the

ten patients that were arranged in a work list on OsiriX.

Both readers performed two image fusion sessions: In

session 1 (one-point registration), they positioned one

registration point per vertebra on the dorsal corner of the

cranial endplate from the second lumbar vertebra through

to the first sacral vertebra in the midsagittal image of the

sagittal T2-weighted MR sequence and the sagittal MPR of

the CT. In session 2 (two-point registration), they placed

two reference points per vertebra on the dorsal corners of

the cranial and caudal endplates from the second lumbar

Table 1 MR imaging parameter

Parameter Sagittal T2-weighted

fast spin echo

Repetition time (ms) 3,740

Echo time (ms) 118

Flip angle (deg) 150

Field of view (mm) 300

Matrix 512/256

Number of signals acquired 12

Section thickness (mm) 4

Gap (%) 10

Table 2 CT imaging parameters

Parameter CT of the lumbar spine

Tube voltage (kV) 140

Tube current time product (mAs) 300

Collimation 40 9 0.625

Pitch 0.675

Matrix 512/512

Reconstruction slice thickness (mm) 2.0

Reconstruction increment (mm) 1.0
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vertebra through to the first sacral vertebra. All reference

points were automatically numbered by the software in the

order they had been placed and the exact same order had to

be chosen for both imaging modalities to enable image

registration, which was necessary to adapt the dimensions

of the CT dataset to the dimensions of the MR dataset

regarding slice thickness and image size. The registration

was accomplished by an algorithm which compared the

position of the reference points and adjusted the sagittal CT

dataset to the MR dataset. The last step was to fuse the CT

series onto the MR series, using the same software [12–15].

After image fusion, separate adjustment of window level

settings was possible for the MR and CT part of the fused

images. In the resulting fused image series, the CT part was

color scale coded and the MR part gray scale coded. The

window/level settings of the CT were adjusted to highlight

cortical bone, any calcifications and metallic implants. The

MR window/level settings were adjusted to optimize soft

tissue contrast with regard to intervertebral foramina and

nerve roots as well as intervertebral discs. Fusion times and

accuracy were measured for both readers in both sessions

by one of the authors not involved in the image fusion

processes (AA, blinded). Fusion time was measured from

opening OsiriX until archiving the fused images into the

PACS after the fusion sessions. Fusion accuracy was

defined as the greatest deviation between MR and CT

images in the midsagittal plane at the ventral corner of the

cranial endplate of the most cranial vertebra included in the

CT examination in order to create a standardized mea-

surement. After all fusion imaging sessions, a senior

musculoskeletal radiologist (XX, blinded, 18 years of

experience) evaluated the fused images of both image

fusion sessions for correct or incorrect metal position and

the results were compared to the inclusion criteria defined

by the initial assessment of the two senior musculoskeletal

radiologists (YY, ZZ), which served as the standard of

reference for this match/mismatch analysis. Imaging

examples are demonstrated in Figs. 1, 2, 3.

Results

The mean fusion time for the one-point registration was

100 s (range 76–180 s) for reader 1 and 104 s (range 63–

145 s) for reader 2, whereas the mean fusion time for the

two-point registration was 95 s (range 58–180 s) for reader

1 and 119 s (range 88–176 s) for reader 2, respectively.

The mean deviation of fusion accuracy of the one-point

registration was 1.24 mm (range 0–2.77 mm) for reader 1

and 0.79 mm (range 0–1.20 mm) for reader 2, whereas the

mean deviation of fusion accuracy of the two-point regis-

tration was 2.20 mm (range 0–4.50 mm) for reader 1 and

1.62 mm (range 0.7–2.6 mm) for reader 2.

The correct (n = 5) and incorrect (n = 5) metal place-

ment was identified correctly in a final image analysis

session by a senior musculoskeletal radiologist (XX) in all

ten cases.

Discussion

Image fusion became popular in diagnostic imaging with

the introduction of positron emission tomography (PET)–

CT fusion [16, 17], which is now considered a routine

application in nuclear medicine. Similarly, in cardiac

radiology, image fusion is becoming more important by

combining CT information about coronary artery disease

and MR information about myocardial perfusion [3, 18,

19]. The fusion of CT and MR data sets has also been

employed in radiation therapy for a better delineation of

Fig. 1 An image fusion

example between sagittal

reformatted CT and sagittal

T2-weighted MR images. The

intervertebral cage L4/5 and a

small piece of metal are well

depicted on the CT (a) and

fused image (c), whereas MR

rules out disc degeneration of

the L5/S1 segment (b).

Information from both

modalities are combined on

the fused image (c)
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the desired target field [20] and in craniofacial surgery in

order to improve computer-assisted guidance during sur-

gery [6–9, 21]. In musculoskeletal radiology, however,

image fusion has rarely been described [10]. The assess-

ment of metal structures such as spondylodesis material is

nearly impossible in MR due to severe susceptibility arti-

facts. However, MR provides important soft tissue infor-

mation about possible intervertebral disc pathologies,

compression of spinal nerve roots, the condition of the

spinal cord, the presence of postoperative disorders such as

hematoma or the presence of adjacent degeneration to the

metal implants such as disc degeneration caused by a

misplaced screw. CT is considered the imaging modality of

choice when evaluating metal implants for their integrity

and correct placement. In addition, CT is capable of

quantifying intervertebral ossification processes and rule

out possible adjacent fractures. However, CT provides less

soft tissue information than MR.

In our study, we have evaluated an approach of com-

bining the diagnostic power of MR and CT in one image

series. We have demonstrated that fusion of CT and MR

derived images of the spine with metallic implants is fea-

sible, accurate and easy to learn. Based on our preliminary

data set consisting of ten patients, the fusion times of the

one- and two-point registrations were comparable. All

image fusion sessions were performed by a radiologist and

a spine surgeon in our study. Since handling the software is

easy to learn, image fusion sessions might also be per-

formed by technical staff, which would take away the time

effort from the radiologist completely. Then fused images,

given the fact that both examinations, CT and MR, were

performed on the same day, can be a valuable add-on for

the radiologist but also for the clinician to check for the

postoperative situation. Regarding fusion accuracy, the

one-point registration showed superior results when com-

pared to the two-point registration due to a dedicated

Fig. 2 An image fusion

example between sagittal

reformatted CT and sagittal

T2-weighted MR images. The

two screws in L2 and L3 are

positioned close to the cranial

endplates, which are intact. The

calcifications in the

intervertebral disc L2/3 are

clearly depicted by the CT (a)

and the fused images (c),

whereas the intervertebral

foramen including the nerve

root is shown by the MR (b) and

fused images (c). Information

from both modalities is

combined on one image (c)

Fig. 3 An image fusion example between sagittal reformatted CT

and sagittal T2-weighted MR images. The two screws in L5 and S1

are correctly placed, which is demonstrated by the CT (a) and fused

images (c). Although anterolisthesis is present between L5 and S1, the

intervertebral nerve root is neither compressed nor irritated by metal

or osseous structures, as shown by the MR (b) and fused images (c).

Important information from both modalities is combined on one

image (c)
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algorithm of the fusion software that works better with

fewer registration points [12–15, 22]. Although diagnostic

information of CT and MR were combined on one image,

we assume that fused images are not superior to MR and

CT alone when considering diagnostic accuracy. However,

the correct or incorrect position of metal implants of the

lumbar spine can reliably be assessed on fused images, as

we have shown. As CT is considered the standard of ref-

erence in the evaluation of the position of metal implants of

the spine, MR imaging is superior in the evaluation of soft

tissue abnormalities such as degenerative disc disease.

However, the combination of both modalities on one image

could yield the ability to diagnose multiple findings such as

misplaced screws (CT information) and disc degeneration

adjacent to fused segments (MR information) faster and

more convincing. We were limited to a small study

population of just ten patients. Therefore, further studies

with larger populations should be performed to evaluate the

diagnostic power of fused images of the spine after

spondylodesis.

Conclusion

We conclude from our study that MR/CT image fusion of

the spine with metallic implants after spondylodesis is

feasible, fast, accurate and easy to implement in daily

routine work.
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