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Abstract: The aim of this study was to evaluate the efficacy and safety of an application using spinal navigation 
with the intra-operative three-dimensional (3D)-imaging modality in difficult pedicle screw fixation. 78 patients with 
congenital deformity of spinal column and spinal cord (41 cases) or spinal instability after laminectomy or semi-
laminectomy (37 cases) were instrumented with pedicle screw system by spinal navigation with the intra-operative 
3D-imaging system from September 2004 to September 2014 in our orthopedic department. The position of pedicle 
screw was assessed by intra-operative 3D-imaging system. The excellent rate of pedicle screw position, mean time of 
pedicle screw implanted, operating time, blood loss, post-operative complication were recorded. The excellent rate 
of pedicle screw position was 96% in these cases. The mean time of pedicle screw implanted, operating time and 
blood loss were 3.90±0.87 minutes, 147±65 minutes and 312±185 ml, respectively. There was no implant-related 
complication that occurred during operation. With spinal navigation combined with the intra-operative 3D-imaging 
modality, implantation of difficult pedicle screw in patients with congenital spinal deformity or spinal instability after 
laminectomy or semi-laminectomy is more simplified, more accurate, safer, and shorter time-consuming.
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Introduction

Since popularized by Roy Camille, pedicle scr- 
ews are widely used in combination with rods or 
plates (internal fixator) for spinal fixation in the 
treatment of spinal deformities, tumors, inflam-
mation, trauma and degenerative diseases [1]. 
The pedicle adjacent to spinal cord, nerve 
roots, large blood vessels and internal organs 
and other important structures, once implant-
ed deviations can lead to serious consequenc-
es [2]. How to improve the accuracy and safety 
of pedicle screw implantation has been the 
focus of the spine surgeons. Spinal deformity 
correction and revision after laminectomy spi-
nal instability, due to anatomical variation or 
absence, make the pedicle screw fixation face 
greater difficulty and risk [3, 4]. With conven-
tional X-ray fluoroscopy, positioning or guiding 
in the surgery, doctors and patients will increase 
the X-ray exposure [5, 6], moreover, it is difficult 
to ensure the accuracy of operation.

Since image navigation technique is applied in 
the spinal surgery, clinical practice has con-
firmed the image navigation system can sign- 
ificantly improve the accuracy and safety of 
pedicle screw implantation [7-9], especially in 
recent years, intraoperative three-dimensional 
(3D)-imaging navigation technology has its 
superiority [10, 11].

In September 2003, we started intraoperative 
3D imaging navigation in the spine pedicle 
screw fixation, which is now routinely used to all 
kinds of spinal pedicle screw implantation, 
more than two thousands cases of intraopera-
tive 3D imaging-guided surgery have been com-
pleted until September 2014, including com-
plex implants such as pedicle screw spinal cord 
deformity, spinal instability after laminectomy 
of revision surgery in 58 cases, the application 
results and experience will now be reported as 
follows.
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Methods

General clinical data

From September 2003 to September 2014, we 
used pedicle screw fixation in 58 patients with 
spinal deformity, spinal instability after lami-
nectomy surgery. Spinal deformity in which 31 
cases: 20 males and 11 females, aged 14-55 
years (mean 28.6 years). Including congenital 
scoliosis and (or) kyphosis due to semi verte-
bral deformities or butterfly vertebrae, verte-
bral lamina section or incomplete pedicle dys-
plasia, two of the spinal cord, tethered cord, 
etc. (Figure 1). Thoracolumbar 12 cases, 19 
cases of lumbosacral, 262 pedicle screws were 
implanted. Laminectomy spinal instability 27 
cases: 15 males and 12 females, aged 34-85 
years (mean age: 67.4 years old). Laminectomy 
19 cases, semi-laminectomy or windows 8 
cases, 6 cases of single segment, double or 
multi-segment 21 cases, 5 cases of thoraco-
lumbar, lumbar or lumbosacral 22 cases of ver-
tebral implants pedicle screw 164. In all cases, 
pedicle screws were implanted under the guid-
ance of 3D imaging of spine navigation system. 
Internal fixation system adopts the Sofamo-
Danek company Tenor, Texas Scottish Rite 
Hospital (TSRH), TSRH-3D, M8 pedicle screw 
fixation system. This study was conducted in 
accordance with the declaration of Helsinki. 
This study was conducted with approval from 
the Ethics Committee of Dongzhimen Hospital 
affiliated to Beijing University of Chinese Medi- 

cine. Written informed consent was obtained 
from all participants.

Operation process

Operation bed and posture mat can pass 
through X-ray, navigation infrared camera on 
the operating table headed; workstation is 
placed opposite the surgeon. Preoperative, 
intraoperative 3D-imaging systems and spinal 
navigation system is connected, and to working 
state. According to the traditional posterior 
middle approach to expose the posterior spinal 
structures, the navigation reference base to be 
fixed for pedicle screw fixation segments of the 
head end of a vertebral spinous process (If this 
spinous agenesis may apply to head-end fixed, 
fixation must be exact). Then regional Spinal 
surgery 3D data are collected followed by  
three-dimensional imaging system (Automatic 
center rotate 190 degrees, such as image 
acquisition 256 frames two-dimensional image, 
3D image reconstruction, a total of 2 minutes, 
3D imaging system software upgrade later 
reduced to 1 minute). The data is transferred to 
the spine navigation system workstation after 
image acquisition is completed (1 minute). 
According to the navigation monitor real time 
dynamic display, surgeons determine the most 
ideal pedicle screw trajectories (Figure 2), the 
pedicle open device placed in the desired tra-
jectory screws into the needle point, according 
to the monitor display on track in turn into ped-
icle probes and tapping, according to the image 

Figure 1. Congenital scoliosis, tethered cord syndrome in a typical case (male, 32 years old). A: Preoperative coronal 
MRI shows that, the right part of L3 vertebral body with L4 semi vertebral fusion, right part of the L5 vertebral body 
dysplasia, and sacral structure confusion. B: Preoperative sagittal MRI shows that, the position of conus medullaris 
is low (L4 level), with thickened filum terminale. C: Preoperative CT shows that L4 vertebral dysplasia.
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Figure 2. The result of the navigation monitor real time dynamic display. A: According to the navigation monitor real time dynamic display, one side of L3 pedicle 
screw was implanted. Green column shows screw desired trajectory, hollow blue column shows real-time line of display device or screw. B: One side of S1 pedicle 
screw was implanted. It’s visible that the position of L5 pedicle screw is accurate. C: One side of L4 pedicle screw was implanted.
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display, select the appropriate thickness, the 
length of the pedicle screw, along the open 
good pedicle screw into the channel (Figure 2). 
After all screws inserted instantly using intraop-
erative 3D imaging system to scan and evalu-
ate. Adjust if 3D image screws penetrated ped-
icle cortex and > 2.0 mm or deviate from the 
pedicle or screw through the anterior edge of > 
2.0 mm.

Intraoperative considerations

Pay attention to whether navigation spines ref-
erence base is loose, tighten any loose nuts. If 
the reference base with fixed spinous process 
displacement, you need to fix them exactly, 
then transfer the re-scanned image data; Avoid 
open device installed in the pedicle, probes, 
and tapping on the dynamic reference base 
loosened, tighten if loose at any time, other-
wise navigation monitor real-time dynamic dis-
play pedicle screw trajectory will drift, resulting 
in misleading; Gentle operation, press the track 
displayed on the monitor for any operation, the 
operator scans the local position of the spine to 
maintain shape.

Scan evaluation

To not pass through the pedicle wall, constant 
depth over vertebrae 2/3 but did not penetrate 
the leading edge were assessed as excellent. 
The rest is just the deviation, including the inner 
deviation and outer deviation, cephalad devia-
tion, caudal deviation and front deviation, and 
measure the distance corresponding devia- 
tion.

Records of each screw fixation time (minutes)

The same patients each screw placement time 
= total screws placement time/the number of 
screws. Screw placement total time: from 3D 
imaging system collecting data to 3D imaging 
system satisfaction evaluation of screw posi-
tion. Record the total blood loss and time, 
record postoperative complications.

Results

Accuracy of pedicle screw

58 cases were implanted in 426 pedicle 
screws, 409 of them were assessed as excel-

Figure 3. The result of postoperative X-ray. Postoperative X-ray shows that the L3-S1 implantation of 6 pedicle 
screws is accurate.
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lent position (excellent rate of 96%), 17 screws 
perforated pedicle cortex, of which cephalad 
deviation 7, the outer deviation 6, the caudal 
deviation 2, the inner deviation 2 and the front 
deviation 1, but the distance deviation is < 2.0 
mm, not adjusted. Postoperative X-ray shows 
the location of pedicle screw is satisfied (Figure 
3).

Pedicle screw placement time and total blood 
loss and screw related complications

This group of cases per pedicle screws implan-
tation time was 3.90±0.87 minutes, operation 
time was 147±65 minutes, the blood loss was 
312±185 ml. No screw implant related compli-
cations were found. We have another group of 
lumbar degenerative disease pedicle screw fix-
ation cases of 352 cases, 2062 pedicle screws 
were implanted, the average pedicle screws 
implantation time was 3.70±0.65 minutes 
(another paper published). The average pedicle 
screw placement time of the two groups were 
compared, no significant difference, t=0.095, 
P=0.925 > 0.05.

Discussion

Pedicle screw fixation, because of its strong 
three-column fixation, good biomechanical 
properties, has been widely accepted by schol-
ars all over the world, and through the improve-
ment and development of more than half a cen-
tury, has been widely used in the treatment of 
spinal diseases.

Based on anatomical characteristics of the 
pedicle, adjacent to the spinal cord, nerve 
roots, organs and large blood vessels, it’s 
important to implant the pedicle screws cor-
rectly. Method now widely used is based on the 
anatomical location (such as the Roy-Camille 
method, Weinstein method, etc.) and the intra-
operative C arm fluoroscopy monitoring. Even 
so, the reports of pedicle screw implantation 
related complications still appear constantly 
[12]. For pedicle screw fixation of congenital 
spinal deformity surgery and postoperative spi-
nal instability in the revision, the difficulty and 
risks increase exponentially. Doctors can only 
ensure accurate screw placement through 
repeated fluoroscopy. The image of spinal navi-
gation technology provides the possibility for 
these complex fast and accurate pedicle sc- 
rew implants [13, 14]. In brief, spinal navigation 

system can match the preoperative or intraop-
erative image data with the patient’s anatomy 
[15-17], and the location of surgical instru-
ments on the navigation screen in the form of a 
virtual probe real-time display, so that doctors 
can figure out the relationship between surgical 
instruments and patient’s anatomical struc-
tures, thereby increasing the safety of spinal 
surgery. Clinical effects were compared bet- 
ween spinal navigation and traditional methods 
on 100 T9-S1 pedicle screw patients by Laine 
et al [18], the result was, navigation group of 
pedicle screw perforation rate was 4.1%, while 
the traditional technology of perforation rate 
was 15.9%. My result is that navigation group 
pedicle screw perforation rate was 3.1%, per- 
foration were less than 2 mm, do not need to 
re-adjust; while the traditional technique perfo-
ration rate of 14.4%, of which 6.5% the screw 
perforation were greater than 2 mm, need to 
re-adjust. In this study, 409 of 426 pedicle 
screws were in good locations, the excellent 
rate was 96%, compared with the normal anat-
omy of navigation guided lumbar pedicle screw 
implantation, there was no difference in excel-
lent rate and average each screw fixation time. 
This shows not only the accuracy of three-
dimensional spinal navigation surgery in pedi-
cle screw implantation, but also a more ad- 
vantage than traditional methods in the com-
plex case, such as anatomical variation or 
deficiency.

Currently there are three methods, including 
preoperative CT imaging navigation, C arm fluo-
roscopy image navigation and intraoperative 
3D imaging navigation [19]. Preoperative CT 
image guidance requires detailed preoperative 
CT scan data, furthermore, because of the pre-
operative and intraoperative different position, 
in order to avoid the error between the virtual 
image data and actual anatomical structure 
caused by postures, breathing or operative 
changes, matching process must be in opera-
tion (point matching and surface matching). 
This not only requires the patient with a com-
plete spinal lamina structure (spinal instability 
after laminectomy refurbishment cases has 
been limited), but also requires the surgeon 
must be familiar with the use of program mod-
ules, and can accurately determine the opera-
tive field in CT and anatomical landmarks. The 
matching process takes a long time, matching 
the high failure rate. Its advantages are high 
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image quality, especially in the thoracic or cer-
vical spine where the effects of image 3D 
reconstruction are easily affected. C-arm fluo-
roscopy imaging navigation system is also 
known as a “virtual X-ray scanning system”, is a 
major development in the preoperative image 
navigation technology based on CT. Automatic 
registration process of perspective in the 
matching process, avoid the time-consuming. 
Surgeons are very familiar with the process of 
intraoperative fluoroscopy, short learning curve 
process, easy to operate. The disadvantage is 
the lack of tomographic images, three-dimen-
sional operations with reference to two images, 
there will be some geometric errors. In addi-
tion, for the cervical and upper thoracic spine 
and severe spinal flexion rotation deformity 
patients, the application is limited. Intraope- 
rative 3-D image guidance technology is a fur-
ther development based on the intraoperative 
X-ray image guidance technology [20, 21], has 
the advantages of two kinds of navigation, only 
one scanning process; there is no position 
error, without matching process, without 
requirement for spinal posterior structure integ-
rity. The more complex spinal deformity, and 
anatomical structure is not clear, the more 
superiority of intraoperative 3D image naviga-
tion systems can be reflected. Drawback is 
expensive equipment, widespread difficulties. 
It was reported that there is drift navigation, 
but I think that, after summarizing thousands of 
cases of navigation experience, most of the 
drift is man-made, can be avoided. Of course, 
navigation technology, even the most advanced 
3D image-guided surgery, it is only a kind of 
auxiliary means. Performer of mastery of spinal 
anatomy, biomechanics and other basic knowl-
edge and traditional operation experience are 
still the most important.

In short, intraoperative 3-D image navigation in 
thoracolumbar spinal deformity correction and 
spinal instability after laminectomy overhaul 
pedicle screw implantation surgery, can obvi-
ously improve the accuracy of pedicle screw 
implantation, reduce screw implant related 
complications, shorten the operation time, has 
obvious superiority compared with traditional 
X-ray perspective.
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