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Objective : To compare the accuracy and breach rates of freehand (FH) versus navigated (NV) pedicle screws in the thoracic and 
lumbar spine in patients with metastatic spinal tumors.
Methods : A retrospective review of adult patients who underwent pedicle screw fixation in the thoracic or lumbar spine for 
metastatic spinal tumors between 2012 and 2018 was conducted. Breaches were assessed based on the Gertzbein and Robbins 
classification and only screws placed >4 mm outside of the pedicle wall (lateral or medial) were considered breached.
Results : A total of 62 patients received 547 pedicle screws (average 8 per patient) – 34 patients received 298 pedicle screws in 
the FH group and 28 patients received 249 screws in the NV group. There were 40/547 breaches, corresponding to a breach and 
accuracy rate of 7.3% and 92.7%, respectively. The breach rate was 9.7% in the FH group and 4.4% in the NV group (chi-squared test, 
p=0.017); this corresponded to an accuracy rate of 90.3% and 95.6%, respectively. Only one patient from the overall cohort (in the 
FH group) required revision surgery due to a medial breach abutting the spinal cord (1.6% of all patients; 2.9% of FH patients); no 
patient suffered organ, vessel, or neurological injury from screw breaches.
Conclusion : Navigated pedicle screw placement in patients with metastatic spinal tumors has a significantly higher radiographic 
accuracy compared to the FH technique. However, the revision surgery was low and no patient suffered from clinically-relevant 
breach. Navigation also offers the advantage of real-time localization of spinal tumors and aids in targeting and resection of these 
lesions.
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INTRODUCTION

The use of pedicle screw fixation is considered the “gold 

standard” in posterior instrumentation techniques in the tho-

racolumbar spine4). Patients with metastatic tumors to the 

vertebral column may require fixation after tumor resection 

or due to intrinsic tumor-related spinal instability. Although 

still considered mostly palliative in nature except in select cas-
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es, surgery and multidisciplinary care for metastatic disease to 

the spine has allowed for patients to live longer with accept-

able qualities of life. In these cases, achieving adequate fixa-

tion and possible arthrodesis is important for good long-term 

results5).

Pedicle screw insertion can be done using traditional ana-

tomical landmarks via the freehand (FH) technique or with 

use of intraoperative navigation (NV), among others. Multiple 

studies have shown improved radiographic accuracy with 

navigated screws, but the majority of these studies have com-

bined results and included patients with degenerative spine 

disease, trauma, idiopathic deformity, and to a lesser degree 

on tumor cases7,9,17,22). Although the pedicle screw insertion 

technique does not vary based on the underlying pathology, 

the major challenge of placing pedicle screws in patients with 

metastatic disease is bone quality and potential higher risk for 

pedicle fractures. Thus, the purpose of this study was to com-

pare the FH technique to a three-dimensional NV technique 

and assess pedicle screw breaches in patients with secondary 

malignant tumors of the thoracic and lumbar spine.

MATERIALS AND METHODS

Study design and data source
This study received approval by the Institutional Review 

Board of Montefiore Medical Center (2016-6896). We re-

viewed our neurosurgical spine operative database for the 

years 2012 through 2018 to identify all patients who under-

went surgery for metastatic spinal tumors. Inclusion criteria 

were 1) patients who underwent pedicle screw placement in 

the thoracic or lumbar spine via a FH or NV technique; and  

2) patients with complete postoperative computed tomogra-

phy (CT) scans to allow assessment of breaches. Reviewed and 

examined patient data included age, sex, number of pedicle 

screws placed, spinal level of placement, number of laminec-

tomy levels, use of transpedicular corpectomy, use of cement 

augmentation, estimated blood loss, and operative time.

FH pedicle screw placement in the thoracic spine was done 

using anatomical landmarks and the “superior facet rule”, 

with an entry point 2–3 mm lateral to the midline of the supe-

rior articulating facet and within the superior 1/3 of the trans-

verse process16). Angulation in the sagittal and axial plane was 

done in a conventional fashion based on pedicle morpholo-

gy12). For pedicle screws in the lumbar spine, these were placed 

at the intersection of the pars, the transverse process, and the 

mamillary process of each vertebral body. For the NV tech-

nique, we used the O-arm® system (Medtronic, Minneapolis, 

MN, USA) to acquire an intraoperative CT scan, which was 

then transferred to the StealthStation™ Surgical Navigation 

System (Medtronic, Minneapolis, MN, USA). A navigated 

probe was used to select the starting point, followed by use of 

a navigated pedicle finder to cannulate the pedicle. Tunnels 

were checked with a ball-tipped feeler and screws were placed 

also in a navigated fashion. The decision to employ the FH 

versus the NV technique was surgeon-dependent, but for the 

most part the most recent cases (after 2014) were NV cases.

Outcome variables
Our main outcome variable was screw breach. This was as-

sessed via the Gertzbein and Robbin’s classification, which as-

signs breach grades based on the number of millimeters the 

screw is outside of the pedicle wall8). Although breaches are 

assigned grades by 2 mm increments, screws that are >4 mm 

beyond the pedicle wall are considered potentially “unsafe” 

given proximity to neural elements or other organ/vascular 

structures8,13). Therefore, we only categorized screws placed >4 

mm beyond the pedicle wall as breached. Conversely, an “ac-

curate” screw as considered as such if no breach was detected 

at all or when the breach was <4 mm outside of the pedicle. 

Secondary outcome measures included need for revision 

surgery and/or other complications due to screw misplace-

ment.

Statistical analysis
All analyses were performed in Stata SE 12 (StataCorp, Col-

lege Station, TX, USA). Two groups were established for analy-

sis : the FH and NV technique groups. Descriptive statistics 

were performed to describe the study population as well as to-

tal number of screws, breaches, and accuracy. Means were 

compared between groups via t-tests and frequencies via chi-

squared tests. Statistical significance was defined as a proba-

bility value <0.05. 

RESULTS

A total of 62 patients with metastatic tumors of the spine 
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and thoracolumbar instrumentation at our institution be-

tween 2012 and 2018 were identified and met inclusion criteria 

for our study. The primary tumor locations in descending or-

der of frequency were : breast (17.7%), hematopoietic (17.7%), 

prostate (16.5%), other (14.5%), kidney (9.7%), colorectal 

(8.1%), liver (8.1%), lung (4.8%), and gynecological in 3.2% of 

cases.

The average age of all patients was 58.7 years (standard de-

viation [SD], 1.8) and 58.1% were male (Table 1) – patients in 

the NV group were significantly older compared to the FH 

group (p=0.003). There were no significant differences in gen-

der (p=0.053), average number of screws (p=0.863), number of 

laminectomy levels (p=0.618), percentage of patients who un-

derwent transpedicular corpectomy (p=0.167), use of cement 

augmentation (p=0.293), average blood loss (p=0.792), or av-

erage operative time (p=0.453).

A total of 547 screws were analyzed (average 8.8 screws per 

patient) – 298 in the FH group and 249 in the NV cohort. The 

five most common spinal levels of placement were T6 (63 

screws; 11.5%), T7 (55 screws; 10.1%), T9 (51 screws; 9.3%), T5 

(49 screws, 9.0%), and T8 (48 screws; 8.8%) (Fig. 1). The pro-

portion of screws placed on each level was not significantly 

different between the FH and NV groups (all p>0.05).

There were a total of 40/547 breaches (7.3%), which corre-

Table 1. General and operative characteristics of 62 patients who underwent pedicle screw �xation for metastatic tumors of the spine in the freehand 
(FH) and navigated (NV) groups

Variable All patients FH group NV group p-value

Number of patients 62 34 28

Mean age (years) 58.7 53.9 64.6 0.003

Male sex (%) 58.1 47.1 71.4 0.053

Average number of screws 8.8 8.8 8.9 0.863

Average number of laminectomy levels 2.0 2.0 1.9 0.618

Transpedicular corpectomy (%) 62.9 70.6 52.6 0.167

Cement augmentation (%) 16.1 20.6 10.7 0.293

Average EBL (mL) 742 762 719 0.792

Average operative time (hours) 7.2 6.9 7.4 0.435

EBL : estimated blood loss

Fig. 1. Distribution of 547 pedicle screws placed in 62 patients with metastatic tumors of the spine. The distribution of screw placement by the freehand 
(blue) and navigated (red) technique was not signi�cantly di�erent (all p>0.05).
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sponded to an overall accuracy of 92.7%. The five most com-

mon involved levels were the following : T7 (10 breaches, 25.0% 

of all breaches), T9 (seven breaches, 17.5%), T5 (five breaches, 

12.5%), T4 (four breaches, 10.0%), and T3, T6, and T8 (each 

with three breaches, 7.5% of all breaches each) (Fig. 2).

The breach rate was 29/298 (9.7%) in the FH group and 

11/249 (4.4%) in the NV group (chi-squared test, p=0.017); 

this corresponded to an accuracy rate of 90.3% and 95.6%, re-

spectively. Out of the 40 breaches, 34/40 (85%) were lateral 

and 6/40 (15%) were medial (Fig. 3, left). There was one occur-

rence of a “superolateral breach”, which was analyzed in the 

“lateral breach group; there were no inferior breaches. Only 

one patient (1.8% of all patients; 0.2% of all screws) required 

revision of one medial breach. This patient had a medial 

breach at T6 abutting the spinal cord (Fig. 3, right) but with-

out causing any neurological injury; the decision was made to 

revise the screw the morning after the index procedure. No 

patient in our series experienced organ, vascular, or neurolog-

ical injury from any misplaced screw.

Screw breach details
Although we only considered screw breaches >4 mm be-

Fig. 2. Distribution of 47 pedicle screws breaches in 62 patients with metastatic tumors of the spine. The distribution of screw placement by the 
freehand (blue) and navigated (red) technique was not signi�cantly di�erent (all p>0.05).

12

10

8

6

4

2

0
	 T1	 T2	 T3	 T4	 T5	 T6	 T7	 T8	 T9	 T10	 T11	 T12	 L1	 L2	 L3	 L4	 L5	 S1	

Spinal level

Nu
m

be
r o

f b
re

ec
he

s

Fig. 3. Postoperative computed tomography scans showing examples of a lateral breach (left) and a medial breach (right). The patient with the medial breach 
was the only patient in our study who underwent revision due to close proximity to the spinal cord; no neurological sequelae occurred. This patient also had 
some extravasation of cement into the adjacent vasculature without any sequelae. 
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yond the pedicle for our primary outcome measure, there 

were 23 breaches less than 2 mm beyond the pedicle and 39 

breaches 2–4 mm beyond the pedicle. Stratified by operative 

technique, there were 16 and seven breaches less than 2 mm in 

the FH and NV groups, respectively. Conversely, there were 22 

and 17 breaches 2–4 mm beyond the pedicle in the FH and 

NV groups.

Other instrument-unrelated surgical complica-
tions

A total of 26 patients experienced at least one perioperative 

complication (41.9%). These included deep vein thrombosis 

(12.9%), pneumonia (8.1%), wound infection (4.8%), pulmo-

nary embolism (4.8%), urinary tract infection (3.2%), urinary 

retention (3.2%), bowel obstruction (1.6%), and new neuro-

logical deficit (1.6%).

DISCUSSION

The use of pedicle screws for internal fixation in metastatic 

disease allows for restoration of spinal instability, pain relief, 

and correction of deformity5). The use of the FH technique for 

screw insertion requires thorough knowledge of anatomical 

landmarks and pedicle morphology, with accuracy rates re-

ported to be above 90% in most investigations11,12,14,20). The use 

of intraoperative 3-D navigation, on the other hand, has been 

shown to be superior in terms of radiographic accuracy7,9,17,22). 

In spinal oncology, this technique also offers the advantage of 

real-time localization and also aids in tumor resection. In this 

study, we conducted a retrospective review to determine the 

accuracy rate of FH and NV pedicle screw placement in pa-

tients with spinal tumors, finding that NV screws had a sig-

nif icantly higher radiographic accuracy rate (95.6% vs. 

90.3%). Fortunately, none of the breached screws in any group 

resulted in nerve, vascular, or organ injury.

As mentioned above, radiographic accuracy of screws 

placed with the NV technique has been shown to be superior 

to the FH technique previously. Shin et al.22) conducted a sys-

tematic review and meta-analysis on the matter, which in-

cluded a review of 18 cohort studies and two randomized tri-

als published between the years 2000 and 2011. A total of 8539 

screws placed for degenerative disease, trauma, infection, and 

tumors were analyzed (3725 in the FH group and 4814 in the 

NV group), finding a 15% risk of perforation in the FH group 

and 6% in the NV cohort22). No neurological complications 

were found in the NV group, whereas three neurological com-

plications were reported in the FH cohort. However, no differ-

ences in revision surgery rates were found.

In patients with spinal tumors, anatomy may often be dis-

rupted due to loss of bone integrity, deformity, or direct tumor 

invasion. Although spinal segments directly affected by tumors 

are rarely instrumented, the adjacent levels oftentimes suffer 

from poor bone quality or deformity. While there is vast litera-

ture on insertion of pedicle screws for degenerative disease, 

trauma, and non-tumor related deformity, few studies have fo-

cused solely on pedicle screw fixation in the setting of malig-

nant tumors5). Fourney et al.5) described 100 cases of pedicle 

screw instrumentation in metastatic disease performed at MD 

Anderson Cancer Center between 1994 and 1999. They were 

amongst the first to report a large series of patients, placing a 

total of 514 pedicle screws (median four per case, most com-

mon level L2). Surgery was found to provide significant pain 

relief, significant improvement in neurological function, and 

without any complication directly related to screw placement5).

Accurate placement of pedicle screws is important biome-

chanically and in order to avoid potential injury to critical 

neurovascular structures and organs such as the lung or vis-

cera. An optimal screw is placed parallel to the endplate, fills 

approximately 80% of the pedicle diameter, and is inserted at 

a depth of 80% into the vertebral body for maximal pullout 

strength3,15). More importantly, breached screws or “airball” 

screws (screws that miss the vertebral body) are known to 

have considerably decreased pullout strengths compared to 

screws placed entirely within the pedicle2). Although rare, mis-

placement of screws can lead to nerve root irritation, spinal 

cord injury, cerebrospinal fluid leak, pneumothorax, vascular 

injury (aorta or vena cava), and others6).

Ultimately, however, misplaced/breached screws are ex-

tremely unlikely to cause clinically relevant injuries. In a liter-

ature review of 35630 pedicle screws, Gautschi et al.6) found a 

nerve root irritation rate of 0.19% and <0.01% risk of injury to 

the pleura. Injury to the aorta is even less common, with only 

a handful of cases reported in the literature10). Although 

screws can potentially be in close proximity or even in tight 

contact with a major vessel, removal of asymptomatic screws 

is controversial and should be done on a case-by-case basis6).

Radiographic accuracy was shown to be superior for pa-
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tients who received NV screws versus FH screws in our study. 

Although only one screw revision was made and no cases of 

neurovascular/organ injury occurred in either group, we be-

lieve that the use of navigation has other important advantag-

es over the FH technique in spinal tumor surgery. Nasser et 

al.19) demonstrated the use of image-guided navigation for bi-

opsy/resection of spinal column tumors in 50 patients. Navi-

gation tools not only allow for placement of pedicle screws, 

but also allow for real-time localization, tracking, excision, 

and determination of resection margins1,19,21). Furthermore, 

with the advent of minimally invasive techniques, the use of 

3-D navigation allows for placement of navigated screws with 

or without cement augmentation by using small incisions and 

minimal dissection of soft tissue and muscle18).

The breach rates reported in our study are consistent with 

rates reported in degenerative spine disease, trauma, and de-

formity, which suggests that the underlying pathology does 

not necessarily impact the accuracy rate of screw placement 

and is a reassuring finding. While the FH technique should be 

the first step in learning how to place pedicle screws in the 

spine, NV is an available tool that can also be considered when 

treating patients with spinal lesions. The main objective of this 

investigation was to compare techniques in the tumor popula-

tion, which had not been done previously.

Although we demonstrated a significantly higher radio-

graphic accuracy rate for NV screws compared to the FH 

technique in patients with spinal tumors, our study has sever-

al limitations. One of the most important issues when per-

forming studies related to screw accuracy is the definition of 

breaches. While we utilized the widely-accepted Gertzbein 

and Robbins classification, a recent systematic review found 

more than 30 different classification systems13). This could po-

tentially make a generalizability of our findings difficult if 

different breach definitions are used in other studies. In addi-

tion, our series is a single-center experience and this creates a 

potential risk of bias. Future multi-center studies or meta-

analyses may further corroborate our findings for patients 

with metastatic spinal disease.

CONCLUSION

Pedicle screw fixation in patients with metastatic tumors al-

lows for treatment of instability, pain relief, and deformity 

correction. In this study, the use of intraoperative navigation 

was associated with a significantly higher radiographic accu-

racy compared to the FH technique. Although no breaches re-

sulted in a clinically relevant complication (other than one 

screw revision), the use of the NV technique may be preferred, 

including the ability for real-time tumor localization and aid 

in resection.
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