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The intraoperative localization of thoracic vertebral 
levels remains a challenging problem. A recent 
questionnaire study by Mody et al.12 found a high 

prevalence of wrong-level surgeries among spine surgeons 
with nearly 50% of surgeons performing a wrong-level 
surgery during their career. Correct-level spine surgery 
is an important patient safety and quality-of-care issue.5 
Several factors make the thoracic spine especially difficult 
for proper target level localization including osteoporosis, 
obesity, scapular/humoral shadow, anatomical variations 
in the number of thoracic rib–bearing vertebrae, and the 
distance from occipitocervical or lumbosacral landmarks. 
Various techniques have been described for localization in 
the thoracic spine.8,13,14,18 We sought to determine if the pre-
operative placement of a fiducial marker screw for spinal 
localization was a safe and effective method of preventing 
wrong-level surgery.

Methods
We conducted a retrospective analysis of patients who 

underwent minimally invasive or open thoracic spine sur-
gery performed by the senior author (P.V.M.) in a single 
center. We compared 26 patients with preoperatively 
placed fiducial markers and a historical cohort of 26 pa-
tients in whom intraoperative localization was performed 
with fluoroscopy alone. The characteristics of the patients 
are described in Table 1. Data were analyzed with the 
STATA 9 software package. A value of p ≤ 0.05 was con-
sidered statistically significant.
Fiducial Screw Placement Technique

On an outpatient basis, the fiducial screws are placed 
in patients after induction of conscious sedation. Patients 
are placed in the prone position (Fig. 1A). Initial helically 
acquired axial CT scans through the targeted region are 
obtained (2.5-mm thickness). The appropriate trajectory 
for fiducial screw placement is planned, and the skin entry 
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site for the fiducial placement is identified (Fig. 1B). Utiliz-
ing the percutaneous fiducial screw system and under CT 
guidance, the trocar is advanced through the subcutaneous 
tissues to the target (Fig. 1C). A 2 × 5–mm stainless-steel 
fiducial screw is attached to the screwdriver and inserted in 
a coaxial fashion through the trocar and implanted under 
CT guidance at the junction of the vertebral transverse pro-
cess, pedicle, and lamina of the targeted level. Postimplan-
tation axial scans with sagittal and coronal reformations 

are obtained. The CT scanning technique for screw place-
ment has a low radiation dose equivalent to that of a chest 
radiograph’s radiation (1 mSv). The patient is observed in 
the recovery area for 1 hour and discharged.

Case Example. In an outpatient setting, a patient with 
a tumor located at a midthoracic portion (between T-7 and 
T-8 [Fig. 2A]) of the spine underwent preoperative place-
ment of the fiducial marker screw under CT guidance (Fig. 
2B and C). A postimplantation CT scout image or a sagit-
tally reconstructed CT scan was used to count the exact 
level of screw placement up from the sacrum (Fig. 2D). A 
tubular retractor was subsequently used for the minimally 
invasive removal of the spinal tumor.
Traditional Localization Method

The traditional method of marking the thoracic ver-
tebrae involved placing percutaneous sterile needles near 
the spinous process in a sequential fashion at every 3 levels 
starting at the sacrum. Fluoroscopy was then used to count 
the needles and the vertebral levels from the sacrum to the 
target level (Fig. 3A). This method was time consuming the 
further the target level was away from the sacrum (com-
pare Fig. 3A with Fig. 3B for localization with a minimally 
invasive technique).

Results
Data obtained in 26 patients who underwent fiducial 

screw placement were compared with a historical cohort of 
26 patients who underwent the traditional method of local-
ization. Table 1 summarizes the general characteristics of 
the groups in terms of demographics, indications for sur-
gery, levels of surgery, and surgical approach.

No complications related to fiducial screw placement 
occurred in the 26 patients who underwent preoperative 
thoracic spine fiducial screw placement. In addition, there 
was no incidence of wrong-level surgery. In comparison, 
the historical cohort of 26 patients also had no wrong-level 
surgeries. However, in the experience of the senior author 
(P.V.M.), the fluoroscopy localization time was reduced 
dramatically (mean localization time 3 minutes vs 15 min-
utes, respectively) when the fiducial screw localization 
technique was used.

Discussion
Avoidance of wrong-level surgery in the thoracic spine 

is important for patient safety.8 Anatomical landmarks 
such as the prominent C-7 spinous process are often not 
reliable. Furthermore, patients have anatomical variations 
in the number of thoracic rib–bearing vertebrae that can 
mislead one during radiographic localization. Traditional 
intraoperative localization of the thoracic spine involves ei-
ther fluoroscopy or long-cassette radiographs and counting 
of the vertebrae beginning from the craniocervical or the 
lumbosacral junctions. Obtaining fluoroscopic or long-cas-
sette radiographs of adequate quality can be especially dif-
ficult in obese patients or in patients with decreased bone 
density. Furthermore, the presence of transitional vertebrae 
of the lumbosacral spine has been reported to range from 
13.2% to 30% in MR imaging series.2,11,15

Fig. 1.  A: Patient positioned prone for the procedure.  B: Skin 
marker placed at the level of interest and CT scan acquired.  C: Fidu-
cial marker placed and implanted on the vertebra.
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The reported incidence of wrong-level surgery in the 
thoracic spine is relatively low. However, this problem may 
be underreported. Efforts to identify the correct side and 
level of surgery preoperatively by marking the patient and 
performing a time-out procedure may reduce errors.12

The ideal intraoperative technique for thoracic level 
localization should be simple, quick, reproducible, and ac-
curate during the procedure. We found that the use of intra-
operative fluoroscopy alone as a localizing tool increases 
operating room time and exposes operating room person-
nel to radiation. Furthermore, the T1–5 area can be difficult 
to visualize, and the surgeon may not be confident of the 
operative level.

In the past, skin surface markers were tried as localiz-
ing tools. Preoperative skin surface localization with hali-
but liver oil19 and longitudinal grid tube surface markers 
filled with radiopaque material4 were introduced in 1988.19 
Rosahl et al.18 used adhesive, disposable skin markers filled 
with radiopaque material that can be visualized on MR 
imaging and CT scanning to localize intradural lesions of 
the thoracic spine. This was a simple method but is prob-
lematic in patients with scoliosis, spinal deformity, obesity, 
and heavy skin folding. The skin markers may also shift 
during positioning.

Hsu et al.8 described a technique of using polymeth-
ylmethacrylate cement injected into the vertebral bodies 
to identify the level. However, the risk of cement leakage 
causing neural compression has been reported to be as 

high as 13.6%.10 The authors recommended this procedure 
only when standard methods are not possible to localize 
the lesion.

Image guidance has also been described as a local-
ization method.1,9 This requires placement of a reference 
frame, which cannot change in relation to the spine once 
the patient is registered. Furthermore, the changes in spinal 
alignment with intraoperative positioning may cause errors 
in registration.14 Additionally, the reference frame may be-
come dislodged, and lesions more than 3 levels away from 
the reference frame may not be accurately localized.

Intraoperative transligamentous ultrasound has been 
reported to identify the correct level of spinal pathology, 
but it can be limited by a narrow interlaminar window, cal-
cified ligamentum flavum, and operator skill.7 These vari-
ous techniques are summarized in Table 2.

The technique that we have described has several ad-
vantages over the others. Preoperative localization is per-

Fig. 2.  A: Spinal tumor seen on a T1-weighted postcontrast sagittal MR image obtained in the thoracic region.  B: Computed 
tomography–guided placement of the fiducial.  C: Fiducial (arrow) placed in the thoracic vertebra of interest. Bony scalloping is 
seen on the side adjacent to the fiducial marker.  D: Sagittal CT scan showing the fiducial marker (arrow).

Fig. 3.  A: Multiple needles inserted as flag posts from the lumbo-
sacral region to identify the level of interest.  B: Minimally invasive 
thoracic discectomy, with fiducial seen on the vertebra.

TABLE 1: Summary of demographic and surgical data*

Factor

No. of Patients (%)

p ValueFiducial Placement
Fluoroscopy/ 

Radiograph Alone

no. of patients 26 26
male sex 11 (42) 17 (65) 0.103
mean age† 58 ± 15 59 ± 13 0.8
thoracic levels 0.628
  T1–4 5 (20) 3 (12)
  T5–8 11 (42) 9 (35)
  T9–12 10 (38) 14 (54)
pathology 0.681
  tumors 12 9
  HNP 6 13
  others 8 4

*  HNP = herniated nucleus pulposus; others = arachnoid cyst, ossified 
ligamentum flavum, osteomyelitis.
†  Value represents the mean ± SD.
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formed in an outpatient setting with the level of pathology 
confirmed on CT scan. The fiducial screws are readily 
identifiable on intraoperative fluoroscopy and may be left 
in place or removed during the thoracic procedure (Table 
3). With our technique, the time spent on intraoperative lo-
calization is much shorter than with fluoroscopy alone, and 
the surgeon’s confidence in the correct identification of the 
operative level is greater.

The average radiation exposure (effective dose) for 
placement of a fiducial screw under low-dose CT guidance 

(which is how we do this) is 1 mSv. For reference, the aver-
age radiation exposure for a spine radiograph is 1.5 mSv.17 
Using our technique, we expose the patient to less radiation 
because the procedure required 12 minutes less fluorosco-
py time intraoperatively. This reduction in fluoroscopic im-
aging compensates for the preoperative CT radiation dose.

We estimate that the placement of a fiducial marker 
under CT guidance costs around $600 US including the 
cost of the screw. One fiducial screw costs about $70 US.16 
It should be noted that 12 minutes of operating room time, 
at $60–$90 per minute,3,6 costs $700–$1000. Therefore, 
the fiducial screw placement is relatively cost neutral. This 
fiducial screw localization technique is not necessary for 
all patients. We typically use it for patients with thoracic 
spine pathology with abnormal bony landmarks (13 ribs, 
transitional lumbar vertebrae) or in obese patients.

Conclusions
The use of preoperative percutaneous fiducial screws 

for intraoperative localization of the target level in the tho-
racic spine is safe, efficient, and accurate for identifying 
the correct surgical level. Our method is a good alternative 
to the conventional methods of localization with fluoros-
copy or radiography alone. The fiducial marker screws can 
be placed using CT guidance on an outpatient basis, and 
there is a reduction in the amount of intraoperative fluoros-
copy time needed to localize the lesion. The fiducial screw 
placement appears to be cost neutral. When a low-dose CT 
protocol is used, the fiducial screw placement technique is 
not associated with higher exposure of the patient to ra-
diation compared with a standard fluoroscopic localization 

TABLE 2: Advantages and disadvantages of the fiducial screw 
localization in the thoracic spine

advantages 
1) fiducial marker screw can be placed on an outpatient basis at any 
  time prior to op
2) fiducial marker screw & pathology can be reconfirmed w/ preop CT 
  or MRI
3) reformatted CT or MR images of whole spine can be referenced 
  intraoperatively to verify surgical level 
4) easily identified on intraop fluoroscopy
5) may be removed intraoperatively after level of pathology is con- 
  firmed
disadvantages 
1) cost (including screw & preop image studies)
2) need for limited low-radiation dose preop CT scan 
3) potential risk of infection
4) potential risk of screw malpositioning 
5) mild MRI artifact from fiducial screw

TABLE 3: Comparison of various techniques for localization*

Techniques Advantages Disadvantages

radiographic skin markers easy & inexpensive inaccurate in patients w/ scoliosis, obesity, & 
  heavy skin foldingnoninvasive
potential shifting or dislodgment of markers w/ 
  patient positioning

computer-assisted surgery 
  (navigation) 

accurate expensive & not readily available
simultaneous identification of surrounding 
  structures

reference point for navigation must be maintained
problems w/ obtaining reliable registration

no radiation exposure for operating personnel unreliable when target level is >3 levels away 
  from reference frame
setup time

VB PMMA injection  high accuracy op-related morbidity including cement leakage
no radiation exposure for operating personnel risk of adjacent-level VB fracture

methylene blue dye mark- 
  ing on spinous process 

minimally invasive diffusion of dye toward adjacent spinous pro- 
  cesses no radiation exposure for operating personnel
needs to be performed just prior to op
not feasible for anterior techniques
risk of infection

intraop transligamentous 
  ultrasound localization 

noninvasive not possible when interlaminar space is small
no radiation exposure for operating personnel 
  or patient

limitation in ligamentum flavum calcification
operator dependent

*  PMMA = polymethylmethacrylate; VB = vertebral body.
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technique. This fiducial screw marker technique is most 
useful in patients with abnormal bony anatomy (13 rib-
bearing vertebrae or 6 lumbar vertebrae) and in patients 
with a large body mass index that inhibits intraoperative 
radiographic visualization to count the thoracic level of in-
terest.
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