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Objective: Novel minimally invasive surgery (MIS) approaches and instrumentation such as cortical 
screws (CS) have recently become commonplace for treating spinal disease. CS comparability to 
pedicle screws (PS) with respect to safety and mechanical stability, however, have yet to be deter- 
mined. To our knowledge, this is the first report to describe a percutaneous CS fixation technique 
with subsequent open anatomical dissection and describe its feasibility compared to PS fixation. 
Methods: Fresh frozen cadavers were used for fluoroscopy-guided placement of a total of 20 
percutaneous PS and CS. Standard percutaneous PS fixation was performed in cadavers from 
L1-L5 on one-side followed by CS being placed on the other side. Open anatomical dissection 
was then performed to confirm placement and compare pedicle breach incidence between PS 
and CS. Results:  Both percutaneous PS and CS were easily placed without difficulty. Dissection 
revealed no breaches of either construct, and as such no statistical comparison was possible. 
At one-level however, a CS was seen breaching the posterior-third lateral vertebral body (VB) 
just under the superior end-plate. Two screw threads exposed were visualized well away from 
any entering and/or exiting foraminal or paraspinal neurovascular structures. Conclusion: Here, 
we report a novel study of percutaneous CS insertion with open cadaveric dissection comparing 
it to PS, incorporating the advantages of both MIS and CS fixation. Although feasible and techni-
cally comparable to PS in this report, further study comparing these two techniques and rigorous 
patient selection for its application are necessary.
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INTRODUCTION

Pedicle screw (PS) spine fixation is considered to be the gold 
standard for achieving posterior spinal stabilization2,3,13,18). How- 
ever, PS placement is not without its drawbacks including, among 
others, extensive lateral dissection resulting in increased blood 
loss and postoperative pain3,13). Since PS fixation was first de-
scribed18), numerous other approaches and instruments have 
emerged for achieving spinal stabilization. One more recently 
described is the use of cortical screws (CS)2,3,13,19). As opposed 
to the more traditional lateral-to-medial approach for PS place-
ment, CS consist of a medial-to-lateral and caudal-to-rostral 
approach for pedicle cannulation and screw placement. This 
trajectory, has been said to require less soft tissue dissection3), 
and although shorter, has mainly cortical bone purchase resulting 
in biomechanical strength comparable to that of PS2,17).

In addition to the advancement of spinal fixation techniques, 
a parallel trend toward more minimally invasive approaches has 
emerged over the past decade. Similarly to CS placement, percu-

taneous PS placement has also been shown to require less soft 
tissue dissection, decreased blood loss, and postoperative pain 
compared to more open techniques8,9). Few studies to date have 
investigated the use of CS in comparison to traditional PS techni-
ques, and as of yet, none have described a minimally invasive, 
percutaneous approach for CS-placement with subsequent open 
dissection for direct examination of its potential complications9,16). 
In this paper, we aim to accurately describe this novel technique 
while also describing post-placement CS fixation through open 
anatomical cadaveric dissection in comparison to PS.

METHODS AND TECHNIQUE

Fresh frozen cadavers (mean age 80 years-old) were used 
for fluoroscopically-guided percutaneous placement of 20 CS 
and PS. Cadavers were positioned prone and fluoroscopy used 
to mark the location of the initial entry point on the skin surface. 
A small skin incision (approximately 1.5 cm) was made to allow 
placement of each CS. Five levels (L1-L5) were chosen to be 
instrumented on each cadaver. For each CS, a Jamshidi needle 
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Fig. 1. Anteroposterior anatomical (panel Ⓐ) and radiographic
(panel Ⓑ) depiction of the pedicle screw (PS, left-side of each
respective panel) and cortical screw (CS, right-side of each res-
pective panel) entry point and trajectory after screw insertion.
Shown in panel Ⓒ is the alignment of the screws (PS on the
left-side and CS on the right-side of the panel) just prior to rod
insertion and lateral radiographic depiction (panel Ⓓ) of the
trajectory of PS and CS.

Fig. 2. Anatomic open-dissection of the pedicle screw(PS, top of
panel Ⓐ) and cortical screw (CS, bottom of panel Ⓐ) const-
ructs for breach incidence determination after posterior midline
approach and laminectomy. Although no pedicle breaches were
observed, one CS was found to have breached the posterior
third of lateral vertebral body (highlighted in panel Ⓑ). No fora-
minal or extra-spinal neurovascular structures were seen to have
been compromised as a result.

was used and tapped into place under fluoroscopy with a K-wire 
being placed through this into the more ventral vertebral body. 
The Jamshidi needle was then removed and a cannulated pedicle 
tap then passed over the K-wire using fluoroscopic guidance 
to ensure appropriate trajectory. This created a threaded trajec- 
tory for CS placement. Finally, the cannulated CS were inserted 
over the K-wire until in satisfactory position. The trajectory 
for CS placement was medial-to-to-lateral and caudal-to-rostral. 
Radiographic landmarks for the CS were as follows: entry point 
at the inferomedial aspect of the pedicle and final screw tip 
position superolateral pedicle on anteroposterior (AP) fluoro-
scopy (7 o’clock to 1 o’clock for the right pedicle and correspond-
ingly 5 o’clock to 11 o’clock for the left pedicle if a CS were 
to be placed). On lateral fluoroscopy, the trajectory of each 
screw was caudal to rostral with the screw tip end being loca- 
ted slightly inferior to the superior vertebral body endplate. 
Screw sizes utilized were 6.5 mm×45 mm(Viper 2, Dupuy-Synthes, 
Raynham, MA) at all levels as shown in Figure 1. As there was 
no radiographic imaging prior to screw placement to accurately 
measure the pedicle size, the size of screw chosen was based 
on this being the most common size of screw used for the lumbar 
spine (in our experience), and the fluoroscopic appearance of 
the pedicle. Upon confirming satisfactory position of each cort-
ical screw placed, a rod was tunneled through the “x-tabs” of 
the heads of the cortical screws (seen in Fig. 1) without diffi- 

culty and secured in place using locking caps.
In order to compare percutaneous CS placement with standard 

percutaneous PS placement, each cadaver had unilateral CS 
placed (right-sided instrumentation, Fig. 1) and contralateral PS 
placed (left-sided instrumentation, Fig. 1). This helped in allowing 
each cadaver to serve as an internal anatomical control. Multiple 
small (approximately 1.5 cm) incisions were made over the PS 
entry point, and the same series of steps were taken for PS 
placement as for CS placement. In comparison to CS, the trajec- 
tory for PS placement was lateral-to-medial and parallel to the 
superior endplate at each vertebral level. Radiographic land-
marks for the PS were as follows: entry point at the lateral 
aspect of the pedicle and final screw tip position medial pedicle 
on AP fluoroscopy. On lateral fluoroscopy, the trajectory of 
each screw was parallel to the superior endplate with the screw 
tip end being located into the ventral third of the vertebral 
body. For comparison, PS sizes utilized were identical to CS. 
Upon confirming satisfactory position the PS, a rod was tunneled 
and secured in place using locking caps.

Anatomical confirmation was then performed by open dissec- 
tion. A standard midline approach was taken with subperiosteal 
dissection of the lamina below and lateral reflection of the 
paraspinal soft tissue as shown in Figure 2. Entry points for 
each CS and PS were inspected (Fig. 2). Full laminectomies of 
L1 to L5 were performed, in addition to lateral vertebral dissection 
exposing the pedicles and vertebral bodies circumferentially 
(Fig. 2). The latter was performed in order to inspect and docu-
ment any medial or lateral pedicle breaches that occurred and 
the integrity of the surrounding neurovascular structures for 
each respective screw. A pedicle breach was defined a priori 
as any disruption of the cortical wall (medial, lateral, superior, 
or inferior) of the pedicle by a screw. Although documented 
during open dissection, breach of the lateral vertebral body (VB) 
wall for CS placement was not considered or combined with 
pedicle breaches in this study as some have considered this 
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ideal due to the added cortical bone purchase. Note of this 
was made, however, to examine for potential extra-spinal neuro-
vascular compromise. One MIS-trained spine surgeon (senior 
author, J.R.) was responsible for all PS and CS placement in 
order to decrease inter-observer (surgeon-specific) variability. 
A separate surgeon (A.J.) was responsible for open dissection 
and recording screw breach in order to decrease confirmation 
bias (surgeon-based bias from having placed the screws). No 
blinding for the open dissection was possible as immediate recog-
nition of which screw was a PS or CS was possible based on 
anatomical landmarking of entry points.

RESULTS

Upon open dissection, no pedicle breaches of either construct 
were found. As such no statistical comparison was possible. A 
post-hoc power analysis completed (G*Power software)4) re-
vealed a required total sample size of 760 instrumented levels 
(380 levels of both PS and CS for comparison) based on a calcu-
lated power of 0.8, significance of 0.05, and 6% incidence of 
PS breach versus 12% incidence of CS breach. The latter inci- 
dence of PS breach was used based on a previous, relatively 
large study, examining the incidence of fluoroscopically-guided 
MIS-PS placement breach20). The incidence of CS breach was 
arbitrarily chosen for the power calculation as being double 
that of PS. That being said however, numerous previous studies 
have not found a difference in breach incidence, nor mechanical 
failure of PS versus CS placement2,3,13,17).

At one level, a CS could be seen protruding though the 
lateral VB wall (highlighted in Fig. 2Ⓑ). The lateral VB breach 
by the CS occurred in the posterior-third of the VB just under 
the superior end-plate. Two exposed screw threads could be 
visualized which were well away from entering/exiting foraminal 
structures or any paraspinal neurovascular structures or enter-
ing/exiting foraminal structures.

DISCUSSION

Spinal instrumentation for stabilization has greatly evolved 
over the past few decades. Since their original description by 
Roy-Camille et al. traditional PS have been considered the gold 
standard for posterior spinal stabilization18). PS placement, how-
ever, does have inherent risk and in the case of open placement, 
necessitates lateral paraspinal tissue dissection. More recently, 
a new cortical bone trajectory method of pedicle screw place-
ment has emerged13,14,17,19) with reported benefits including: 
more cortical bone purchase resulting in superior biomechani- 
cal strength1,17,21), equivalent fusion rate13), and decreased surgi-
cal morbidity13). In the same vein, a trend toward decreasing 
operative morbidity through more minimally invasive techniques 
has also emerged5,6,8,11,12,16,20). The combination of the latter two 
concepts, more specifically posterior spinal stabilization through 
percutaneous cortical screws, has not been previously described 
with subsequent anatomical investigation for complications of 
the CS construct. Here, we detail this novel technique, its advan-

tages and disadvantages, and compare its incidence of pedicle 
breach with that of percutaneous PS.

Although one previous study suggested that a theoretically 
higher incidence of pedicle breach may be observed with CS, 
this was not found in our study3,7). In another study completed 
by Santoni et al. a relatively high incidence of pedicle breach 
was found, however CS were inserted using a free-hand techni-
que without the use of fluoroscopy which is required for percuta-
neous instrumentation19). As such, their reported incidence of 
pedicle breach is more likely related to the lack of imaging 
and less likely the anterolateral trajectory19). With image guid-
ance, the incidence of percutaneous PS breach has been found 
to be approximately 6%20). Although the incidence of percuta-
neous CS breach is unknown (making an appropriate sample 
size difficult to estimate), this technical paper is under-powered 
(as shown through the included post-hoc analysis). It is possible 
that the increasing use of CS could lead this complication beco- 
ming more commonplace and result in it falling out of favor. 
Another explanation for the lack of difference between groups 
seen could be related to the study design. In order to decrease 
technique variability, all screws were placed by one senior sur-
geon whom specializes in MIS spine surgery. This may have re- 
sulted in a lower than expected pedicle breach incidence and 
decreased the generalizability of our findings. However, the aim 
of this study was primarily to determine the feasibility and de-
scribe the technique itself, rather than provide a comprehensive 
study comparing PS and CS. Further adequately powered study 
investigating the different complication profiles of each techni-
que would be required to establish such conclusions more de- 
finitively. Other disadvantages to the CS technique relate to 
the anatomical characteristics of its trajectory. Adopting a CBT 
inherently includes potential lateral VB breach complications 
(although this has also been said to be advantageous as it in-
creases screw purchase by including another cortical bone sur-
face). In the one example of this in our paper, however, the 
breach occurred away from any spinal or paraspinal neurovas- 
cular structures. Finally, and perhaps most importantly, use of 
CS results in a medial screw-head which can interfere with 
neural decompression and potentially require screw placement 
after decompression (which has its own respective drawbacks). 
Moreover, bony decompression may result in weakening of the 
CS construct and predispose to failure or pars fracture. This 
problem would be mitigated, however, with CS placement after 
lateral interbody fusion and indirect decompression.

The lateral-to-medial trajectory of PS makes it difficult to 
place in a lateral position. However, the medial-to-lateral trajec- 
tory of CS makes it ideal for such a case. Placement of CS 
would then facilitate screw insertion after lateral interbody fusion 
without having to reposition the patient prone. In a randomized 
controlled trial comparing PS and CS, Lee et al. demonstrated 
that CS also result in less surgical morbidity, blood loss, and 
shorter length of stay potentially due to less lateral dissection 
being required13). These benefits would be especially pronounced 
in morbidly obese patients in whom our described approach 
could be particularly well-suited for. However, the study by Lee 
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et al. consisted of an open approach which is an important di- 
fference compared to our percutaneous CS technique. Moreover, 
in their study Lee et al. also found a decreased incidence of 
facet capsule violation with the use of CS versus PS. Here, al- 
though we did not observe any differences between the two 
constructs upon open inspection with respect to facet violation, 
it is possible that the more inferomedial entry point with percu-
taneous CS could result in this occurrence as well. To avoid 
this, it would be important to ensure perfect AP radiographs 
are obtained prior to instrumentation, as well as and selecting 
a starting point akin to that of the open CBT with more acute 
screw trajectory angulation. In a similar, albeit different study, 
Orita et al. describe a percutaneous method for placing CS16). 
This was done as a prospective cohort study comparing percuta-
neous pedicle screw fixation (PPS) to percutaneous cortical 
screw fixation (PCS) with “mini-open” TLIF in patients under- 
going single-level fusion for spondylolisthesis or lateral disc 
herniation. The authors state that there were no complications 
(aggregate of all potential patient and implant related compli- 
cations) in either group. In comparison, our study is an anato- 
mical study allowing us the unique advantage of performing 
an open dissection after instrumentation to compare in-
strumentation-related complications via the gold-standard, di-
rect visualization. Our study supports and compliments this 
previous clinical study in that it provides a basic, anatomical 
foundation to support their findings and this novel instrumen- 
tation technique. Furthermore, in their study Orita et al. also 
make note of the difficulty that can be encountered with achie- 
ving an acute medial to lateral angle for PCS due to the intact 
midline structures. Here, we adopted a less acute of lateral 
and rostral angulation (akin to a hybrid of a traditional CBT 
and “bulls-eye” technique as previously described)16,20) and con-
tend that this trajectory obviates any difficulty in achieving 
the desired trajectory, as well as allows for larger screws to 
be placed which would increase construct strength.

Several biomechanical studies have been completed exami- 
ning pullout and toggle characteristics of CS and PS with CS 
having increased insertional torque, pullout strength, and equi- 
valent construct rigidity as PS-based constructs10,14,15,19). These 
biomechanical properties have led to CS being investigated 
as a rescue option in the event of PS failure. In their study, 
Calvert et al. demonstrated through cadaveric biomechani- 
cal testing that CS placed to rescue failed PS retained similar 
pullout strength and stiffness as the original PS. Studies such 
as this further expand the potential application and advan- 
tages of CS placement to include revision surgery in high-risk 
patients such as osteopenic or osteoporotic patients, in whom 
CS techniques are already said to be advantageous2,19).

CONCLUSION

The advancement of MIS spine techniques and the advent 
of instrumentation methods such as CS-based constructs con-
tinue to expanded patient care. Here, we report a novel study 
of percutaneous CS insertion with open cadaveric dissection 

comparing it to PS, incorporating the advantages of both MIS 
and CS fixation. Although feasible and technically compara- 
ble to PS in our study, further investigation comparing these 
two techniques and rigorous patient selection for its application 
are necessary.
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