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Abstract

Pedicle screws are the gold standard in spine surgery, allowing a solid tricolumnar fixation which is unmatched by hooks
and wires. The freehand technique is the most widely adopted for pedicle screws placing. While freehand technique has been
classically performed with manual tools, there has been a recent trend toward the use of power tools. The aim of this review
is to summarize and expose potential risks and advantages of power pedicle screws placing. The literature showed that the
use of power tools offers an acceptable safety profile, comparable to manual technique. With an adequate training, the power
technique may speed up the screw placing, reduce the fluoroscopy time and the physical stress to the spine surgeon. Regard-
ing differences in pull-out strength between power and manual techniques, the literature is still uncertain and inconsistent,
both in clinical and preclinical studies. The choice between the use of power and manual freehand pedicle screws placing is

still based on the surgeon’s own preference.
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Introduction

Pedicle screws were first introduced by Boucher [1] in the
1950s and later popularized by Roy Camille [2, 3] in the
1960s as a mean for achieving an optimal vertebral fixation.
Compared to hooks and wires, they were biomechanically
superior [4], allowed sacral fixation, provided fixation even
when a laminectomy was performed, and did not require the
violation of the canal. Initially, they were mostly adopted in
lumbar spine and only later they were introduced in the tho-
racic spine, mainly due to a safety concern: in fact, thoracic
pedicles are thinner in diameter compared to lumbar ones
and they also lie just adjacent to vital structures whose injury
may lead to irreversible consequences. Moreover, pediatric
patients, with smaller pedicles, and deformity cases, with
dysplastic pedicles, pushed the challenges of pedicle screws
insertion even further. Despite that, pedicle screws have now

< G. Viroli
giovanni.viroli @ior.it

Department of Biomedical and Neuromotor Science—
DIBINEM, 1St Orthopaedic and Traumatologic Clinic,
IRCCS Istituto Ortopedico Rizzoli, University of Bologna,
Bologna, Italy

become the gold standard both in thoracic and lumbar spine
because of the solid tricolumnar fixation they provide: they
allow to exert powerful correction forces and to achieve
strong stability, yet still the margin of error in their place-
ment remains small. For this reason, there is continuous
interest in refining their placement technique, to increase
accuracy and reproducibility of vertebral instrumentation,
providing a safer and stronger fixation. Recent literature
has been focusing on freehand fluoroscopy-assisted [5],
computed tomography navigation-guided [6, 7] and robot-
assisted techniques [8, 9]. While the above-mentioned alter-
natives remain attractive, conventional freehand technique
remains the most popular choice.

Pedicle screws placing, regardless of the technique
adopted, follows these fundamental steps: hole prepara-
tion, palpation, hole tapping, re-palpation, screw insertion.
Classically, the traditional freehand technique has been
performed with manual tools: a Gearshift for hole prepara-
tion, a manual tap for tapping and a manual screwdriver for
insertion. While the principles of freehand pedicle screws
placing have remained the same (perforation, tapping,
insertion), there has been a recent trend toward the use of
power tools, considering some critical issues. Firstly, it has
been demonstrated that spine surgeons are at greater risk of
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musculoskeletal overuse injuries [10]. Secondly, it has been
reported that orthopedic surgeons suffer excessive exposure
to radiation due to the use of fluoroscopy [11-14].

The aim of this study is to review the literature about
freehand power pedicle screws placing technique, assess-
ing associated risks and benefits compared to the manual
technique.

Pull-out strength

The aspect that could really make a difference in clinical
outcomes is the pull-out strength and the consequent risk of
screw failure. In this regard, there are uncertain and incon-
sistent information regarding any difference between power
and manual technique.

George et al. [15] performed a biomechanical compari-
son between transpedicular screws implanted into drilled
and probed holes. In each of the eight thoracolumbar human
cadaveric vertebrae they used, a preparation hole was made
through one pedicle with a 4 mm drill bit and through the
contralateral pedicle with a probe. They did not report any
statistically significant difference in the pull-out strength
between the two techniques, with a slightly superior (1.4%)
strength for the probed screws. However, it must be noted
that the 4 mm drill bit appears far bigger than the drill bit
sizes that are commonly used in surgical practice, and this,
by reducing the difference between screw and tract diameter,
may reduce the pull-out strength.

Abraho et al. [16] registered similar results in terms of
insertion torque and pull-out strength between drill, sharp
probe and pointed probe screws insertion in a swine verte-
bral model. The only situations where a statistically signifi-
cant difference was noted in the insertion of 4.2 mm screws
were: a greater torque when making a 3.4 mm pilot hole
with a drill compared to the sharp probe; a greater pull-
out strength when making a 1.6 mm pilot hole with a drill
compared to the pointed probe; a smaller pull-out strength
when making a 2.8 mm hole with a drill compared to a sharp
probe.

Oikonomidis et al. [17] carried a biomechanical study to
compare the anchoring strength of pedicle screws in osteo-
porotic vertebrae using a 3.2 mm drill bit versus a curved
thoracic probe. They subjected their specimens to cranio-
caudal cyclic loading, simulating a more physiological con-
dition such as axial forces transmitted to the pedicle screws
compared to the study conducted by George et al. [15], in
which a simple pull-out strength test was performed. The
probe showed higher tear-out force and higher number of
load cycles until loosening than the 3.2 mm drill bit, but
without statistical significance.

Considering the wide spread of pedicle screws and of the
use of power tools in other districts, it is surprising that the

@ Springer

first retrospective study about this topic has been written
by Seehausen et al. [18] only in 2015. They used a 2 mm
drill bit to create the tract, and then they expanded it with
a 3.22 mm bit; they then inserted the screw without any
prior tap. They included 442 cases and found that, after
2 years of follow-up, the screws placed using the manual
method failed and required revision or removal 5.9 times as
frequently as screws placed with the power method (0.8 vs.
0.1%; p=0.024). When including all patients, regardless of
the follow-up length, the difference in failure rate increased
and the revision rate owing to screw failure was also statis-
tically higher in the manual group (p =0.022). However, it
needs to be underlined that constructs in the power group got
a higher screw density, which could itself lead to a reduction
in the mechanical complications rate and represent a pos-
sible bias of the study.

Theoretically, the probe insertion leads to a compaction
of the cancellous bone around the probe [17, 19], creating
a more solid anchorage for the screw compared to the drill
bit, which conversely may lead to bone removal. Despite
that, preclinical studies showed comparable [15-17] fixa-
tion strength between the two. Conversely, a clinical study
by Seehausen et al. [18] showed a significantly lower failure
rate for power-assisted placed screws. One possible expla-
nation for that is the reduction in the wobble phenomenon,
which may improve the bone-screw interface, but this point
requires further investigation, hopefully from both clinical
and preclinical studies. Moreover, given the variability that
currently exists in the technique (drill bit diameter, choice
of tract tapping or not, method of tapping) further research
is needed in order to create more homogeneity and obtain
more comparable results.

Safety

When talking about pedicle screws placing, safety and reli-
ability are a major concern, considering the possible cata-
strophic consequences that a misplaced screw may have.

Allen et al. [20] carried a cadaveric study in order to
compare the safety of pedicle screw placement in the thora-
columbar spine by resident surgeons with gearshift versus
drill technique. There was no overall difference in viola-
tions comparing the gearshift technique (49.5%, 51 total, 37
critical, 14 noncritical) with drill technique (50.5%, 52 total,
33 critical, 19 noncritical). This may suggest that residents
could be trained to use either one of the proposed techniques
and ultimately learn how to instrument safely and accurately
[20].

In terms of accuracy, a reduced screw wobble (where
wobble is defined as the deviation of the screw from its
intended trajectory) has been recorded with power screw
insertion by Skaggs et al. [21] and Mahajan et al. [22]. In
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particular, Skaggs et al. in a cadaveric study found that
power technique reduces wobble length by 95% and wobble
area by 59%, 84%, and 59% for matched 35 mm, 40 mm, and
45 mm screws (p <0.05) [21]. Looking at these findings,
it seems inevitable that a certain amount of wobble would
occur during the change of grip when using manual instru-
ments; on the contrary, when using a power tool, it is easier
to maintain a consistent and accurate trajectory. This may
have important implications since the wobble phenomenon
may lead to erosion of the bone surrounding the defined
pedicle trajectory, leading also to a lower screw purchase
and reduced screw pull-out strength.

In their study comparing manual versus power-assisted
screw placement on 442 cases, Seehausen et al. [18] found
only one direct injury occurred, in the power-assisted group,
a minor hemothorax. However, statistical analysis revealed a
comparable risk of injury per screw between the two groups,
confirming the safety profile of the technique. However,
the study got some possible important biases: firstly, the
power-assisted cohort got a shorter mean follow-up, which
could lead to complications miss; secondly, screws in the
manual group were placed before screws in the power group,
therefore any difference may have been determined by the
increasing experience of the surgeon.

Yan et al. [23] designed a prospective randomized con-
trolled trial to compare full power-assisted (FPA) and
manual technique in 105 AIS cases. In their FPA tech-
nique, they adopted a 2.0 mm drill bit, with a slow rotation
(2-3 rotations/s) to create the tract, followed by the syn-
chronous expanding and tapping with a 3.2 mm drill bit;
finally, the screw was inserted using the same power drill.
A significantly shorter screw insertion phase and screw
placement time were noted in the FPA group (p <0.0001).
They recorded a non-significative trend toward decreased
operative times and blood loss in the FPA cohort. Most
importantly, no safety differences have been recorded, with
comparable misplacement rates and patterns between the
two techniques. This is the most crucial aspect, especially in
AIS, since pedicle screw placing may be particularly chal-
lenging due to rotation and dysplasia of the pedicles. Inter-
estingly, the rate of anterior cortex perforation was unexpect-
edly lower in the FPA group (10.6 vs. 15.3%), yet without
statistical significance. The strengths of this study are its
prospective RCT design and the homogeneity of patients
(only AIS) and of constructs (instrumented levels, screw
density). One possible confounding factor is the fact that
surgeries were performed by three different surgeons.

Kojima et al. [24] performed a comparative study
between power and manual technique in percutaneous pedi-
cle screw placement. They used a manual cannulated probe
for guidewire insertion, after which the manual method was
used to insert the pedicle on one side and the power tool on
the other side. The power method proved to be 2.5 X faster

than the manual method, without any difference in place-
ment accuracy at the postoperative CT assessment. Kojima
et al. also suggested a possible advantage of power tools in
percutaneous screws placing: during the procedure, rarely,
the guidewire can bend when the screw is manually insert,
deforming the screw tip. This may be due to a slight slip of
the wrist or forearm during manual placement, so in this
regard power tools may be advantageous.

Fluoroscopy time

The use of fluoroscopy, although it improves the confidence
in pedicle screws placing, poses the spine surgeon, and only
marginally the patient, to radiation-related risks [11-14].

Seehausen et al. [18] found that power method was asso-
ciated with shorter fluoroscopy time (37.44 +£15.70 s vs.
55.40+32.53 s; p <0.001), resulting in a reduced radiologi-
cal risk both for the surgeon and patients.

Surgeon musculoskeletal overuse injuries

As already stated, a recent survey [10] of the SRS showed
that spine surgeons are at greater risk of overuse injuries, in
particular of the hand, wrist, shoulder and cervical spine.

In this regard, the only study focusing on the possible
role of power tools in screw placement was carried out by
Skaggs et al. [25]. They showed that manual pedicle prepara-
tion results in significantly increased muscle exertion of the
biceps compared to power pedicle preparation. While this
may seem a quite predictable fact, it may have unpredict-
able implications. On the one hand, it may reduce the risk
of musculoskeletal injuries for spine surgeons. On the other
hand, working with a more relaxed musculature may allow
a better control of the trajectory and a more refined feel.
In other words, all the surgeon has to do is to keep a well
relaxed arm and focus only on the direction of the tract and
on the tactile feedback of the drill, rather than care about
exert enough force to create a tract.

Our experience: technical tips and tricks,
critical aspects

At our division, pedicle screws are routinely placed using
power-assisted technique since more than 10 years [26-28].
Surprisingly, there is a paucity of studies in the literature
about this technique, especially if one thinks that almost
every screw insertion in orthopedic surgery is nowadays per-
formed with the aid of power tools. Our freehand technique
provides the use of power tools for each step of the pedicle
screw placing. Antero-posterior and lateral fluoroscopic
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images are only obtained after all screws are placed, to ver-
ify their correct position.

Firstly, a careful identification of correct entry points
should be carried on, using anatomical landmarks for each
section of the spine. In the lumbar spine, the entry point is
located at the junction between the pars interarticularis and
the transverse process immediately lateral to the mammillary
process or at the bisection of a vertical line through the facet
joints and a horizontal line through the transverse process
[29]. In the thoracic spine, it is identified in the middle of
the triangle formed by the pars interarticularis, the lower
border of the superior articular facet and the medial border
of the transverse process [29]. Passing from T12 to T7, the
entry points are more medial and cephalad, while above T7
are more lateral and caudal [30].

After the entry points identification, the cortical bone
over it is removed with a rongeur, exposing cancellous bone.
This helps the surgeon to find the pedicle and prevents the
drill tip from sliding medially on the hard cortex, which may
result in an unwanted trajectory deviation. In the thoracic
spine, we remove the inferior articular facet with an oste-
otome, exposing the superior articular process (SAP) which
we use as a reference point for pedicle trajectory. In fact, it
has been demonstrated that there is a constant angular rela-
tionship with the SAP and the pedicle axis: the line perpen-
dicular to the SAP can act as a trajectory [31]. Therefore, we

place a spatula perpendicular to the SAP, acting as a guide
for trajectory (Figs. 1, 2).

For pedicle tract preparation, the Authors use a power
drill, set in ream mode, with a 2.7 mm tip, following a funnel
trajectory. Some others Authors prefer to use a 2 mm bit [18,
23, 32] which, due to its high flexibility, tends to bend as it
encounters hard cortical bone, self-centering into soft can-
cellous bone (Fig. 3). In our opinion, the 2.7 mm diameter is
an optimal compromise: it is still flexible enough to bounce
off the cortical bone in case of trajectory mistakes, avoiding
any breach; at the same time, it is stiff enough to allow to

Fig.2 In vivo example of the use of spatula as a guide for drill bit
trajectory

Fig.1 A spatula is placed perpendicular to the superior articular process, serving as a guide for trajectory of the drill bit. Posterior (A) and axial

(B) view
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A

Fig.3 The flexible drill bit (B) tends to bend as it encounters hard cortical bone, self-centering into soft cancellous bone, as opposed to the

stiffer pedicle probe (A)

find a way into C and D type of pedicles [33], where, due
to the absence of a central cancellous channel, a too much
flexible drill bit would bend and would hardly enter. The
2.7 mm drill bit must be slowly rotated (approx. 1-3 rev/s)
to optimize the tactile feedback of the threads cutting into
the soft cancellous bone. If an increased torque is felt, this
means that the drill tip is pointing the pedicle cortex, so
small angular corrections may be needed to help the bit to
deflect off the cortex into the cancellous pedicle channel.
This is the key point of the technique, as the slowly rotat-
ing drill bit in experienced hands almost acts like a flexible
ball-tipped probe. In fact, one the most frequent mistakes
when approaching the power-assisted technique is to rotate
the drill too fast, as required by the technique for drilling
the long bones, leading to an inevitably loss of any tactile
feedback. Additionally, no forward force must be applied, as
the weight of the drill is sufficient for the bit to advance into
the channel. In fact, as opposed to a smooth pedicle probe,
the threads of the drill bit will make it self-advance. As also
stated by Illingworth et al. [32], this gives a sensation of
the drill bit being “pulled” into the pedicle and provides
excellent feedback and confidence that the pedicle has been
adequately found. The only situation that requires a fast rota-
tion and a firm pressure of the drill bit is in case of a cortical
type C pedicle, where the 2.7 mm drill bit threads have to cut
a way into hard cortical bone. In case of a type D pedicle, an
in—out-in trajectory may be necessary: the lateral cortex of
the pedicle is perforated with a faster rotation of the drill bit
and then the cortex of the vertebral body is carefully identi-
fied and perforated with the same technique. In case of an
in—out-in trajectory, it is important to choose an entry point
which is 1-2 mm lateral to the classical one. This allows

to maximize the convergence angle, resulting in a double
advantage: a stronger pull-out strength [34] and, on the other
side, it facilitates the perforation of the lateral vertebral body
cortex, avoiding the forward slippage of the drill bit against
it. After the pedicle tract preparation, a ball-tip probe is used
to rule out any breach and to measure the tract length. If the
tract is suspicious for a breach, or the trajectory is unsatis-
factory, a new tract can be created without any significant
compromise of the pedicle anatomy. In our experience, this
is one of main advantages of the drill over the probe. In fact,
due to its larger diameter and its less accurate advancing,
the probe tends to be less forgiving when creating multiple
tracts, resulting in the confluence of the various tracts and
ultimately leading in a decreased bone purchase of the screw.
Conversely, the drill allows to create distinct, clearly sepa-
rate, multiple tracts.

After the pedicle tract preparation, we routinely tap the
tract, because it reduces the risk of misalignment of the
screw with respect to its pilot hole trajectory [35]. We use
a 1 mm undertap technique, to optimize the bone-screw
purchase. Some Authors [18, 32] prefer to expand the tract
so that the pedicle screw can be inserted without tapping;
however, it is generally not recommended due to the concern
of reduced bone-screw purchase [35]. We generally power
tap; however, in case of juxta-pedicular trajectories or poor
bone quality, we carry particular attention and use a manual
tap, because the sharp grooves could potentially trap neural
tissues or lead to wall breaches. We think that creating a
tract with a 2.7 mm drill bit, which is larger than 2 mm, may
help the tap to follow the existing channel without creat-
ing other tracts. After tapping, the tract is reassessed and
remeasured with a ball-tipped probe. Finally, a screw of
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appropriate length and diameter is carefully inserted using
a power driver. It is important to keep “soft hands” in order
to allow the screw to self-center in the tract with the desired
trajectory. The screw should be advanced at low speed, to
keep the control of the trajectory and to avoid any breach.

Conclusions

The literature specifically focusing on power-assisted screw
placement is poor and does not provide strength evidence.
This literature overview seemed to show that, both in clinical
and preclinical studies, the power-assisted technique allows
to place screws with an acceptable safety profile, even in
the most challenging pedicle anatomies like in AIS. Pedi-
cle screws accuracy seems more surgeon dependent than
technique dependent. With adequate training, the power
technique may speed up the screw placing and reduce the
physical stress to the spine surgeon, making the screw phase
more effortless and allowing to save surgeon’s focus for the
next, often more critical, surgical steps. Additionally, it
could reduce fluoroscopy time, lowering both surgeons’ and
patient’s radiation exposure. However, these benefits may
not be sufficient to make the switch from the safe and reli-
able manual technique. The aspect that could really make the
difference in clinical outcomes is pull-out strength: unfor-
tunately, information regarding any difference in pull-out
strength between power and manual techniques is still uncer-
tain and inconsistent. Therefore, scientific evidence is still
not strong enough to guide the surgeon’s choice.

Funding Open access funding provided by Alma Mater Studiorum
- Universita di Bologna within the CRUI-CARE Agreement. No fund-
ing was received for this study by National Institutes of Health (NIH),
Welcome Trust, Howard Hughes Medical Institute (HHMI) or others.

Declarations

Conflict of interest All authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer

References

1. Boucher HH (1959) A method of spinal fusion. ] Bone Joint Surg
Br. https://doi.org/10.1302/0301-620x.41b2.248
2. Roy-Camille R, Saillant G, Mazel C (1986) Plating of thoracic,
thoracolumbar, and lumbar injuries with pedicle screw plates.
Orthop Clin North Am 17:147-159
3. Roy-Camille R, Saillant G, Mazel C (1986) Internal fixation of the
lumbar spine with pedicle screw plating. Clin Orthop Relat Res.
https://doi.org/10.1097/00003086-198602000-00003
4. Hitchon PW, Brenton MD, Black AG, From A, Harrod JS, Barry
C, Serhan H, Torner JC (2003) In vitro biomechanical compari-
son of pedicle screws, sublaminar hooks, and sublaminar cables.
J Neurosurg 99:104-1009. https://doi.org/10.3171/spi.2003.99.1.
0104
5. Koktekir E, Ceylan D, Tatarli N, Karabagli H, Recber F,
Akdemir G (2014) Accuracy of fluoroscopically-assisted pedi-
cle screw placement: analysis of 1,218 screws in 198 patients.
Spine J 14:1702-1708. https://doi.org/10.1016/j.spinee.2014.
03.044
6. SunlJ, Wu D, Wang Q, Wei Y, Yuan F (2020) Pedicle screw inser-
tion: is O-arm-based navigation superior to the conventional free-
hand technique? A systematic review and meta-analysis. World
Neurosurg 144:e87-99. https://doi.org/10.1016/j.wneu.2020.07.
205
7. Crawford BD, Nchako CM, Rebehn KA, Israel H, Place HM
(2020) Transpedicular screw placement accuracy using the O-arm
versus freehand technique at a single institution. Glob Spine J.
https://doi.org/10.1177/2192568220956979
8. Lieberman IH, Kisinde S, Hesselbacher S (2020) Robotic-assisted
pedicle screw placement during spine surgery. JBJS Essent Surg
Tech 10:1-15. https://doi.org/10.2106/J1BJS.ST.19.00020
9. Li HM, Zhang RJ, Shen CL (2020) Accuracy of pedicle screw
placement and clinical outcomes of robot-assisted technique ver-
sus conventional freehand technique in spine surgery from nine
randomized controlled trials: a meta-analysis. Spine (Phila PA
1976). https://doi.org/10.1097/BRS.0000000000003193
10. Auerbach JD, Weidner ZD, Milby AH, Diab M, Lonner BS (2011)
Musculoskeletal disorders among spine surgeons: results of a sur-
vey of the scoliosis research society membership. Spine (Phila PA
1976) 36:1715-1721. https://doi.org/10.1097/BRS.0b013e3182
1cd140
11. Srinivasan D, Than KD, Wang AC, La Marca F, Wang PI, Scher-
merhorn TC, Park P (2014) Radiation safety and spine surgery:
systematic review of exposure limits and methods to minimize
radiation exposure. World Neurosurg 82:1337-1343. https://doi.
org/10.1016/j.wneu.2014.07.041
12. Rampersaud YR, Foley KT, Shen AC, Williams S, Solomito M
(2000) Radiation exposure to the spine surgeon during fluoro-
scopically assisted pedicle screw insertion. Spine. https://doi.org/
10.1097/00007632-200006150-00013
13. Hayda RA, Hsu RY, Mason DePasse J, Gil JA (2018) Radia-
tion exposure and health risks for orthopaedic surgeons. J
Am Acad Orthop Surg 26:268-277. https://doi.org/10.5435/
JAAOS-D-16-00342
14. Bratschitsch G, Leitner L, Stiicklschweiger G, Guss H, Sadoghi
P, Puchwein P, Leithner A, Radl R (2019) Radiation exposure of
patient and operating room personnel by fluoroscopy and naviga-
tion during spinal surgery. Sci Rep 9:1-5. https://doi.org/10.1038/
s41598-019-53472-z
15. George DC, Krag MH, Johnson CC, Van Hal ME, Haugh LD,
Grobler LJ (1991) Hole preparation techniques for transpedicle
screws: Effect on pull-out strength from human cadaveric verte-
brae. Spine (Phila PA 1976). https://doi.org/10.1097/00007632-
199116020-00015


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1302/0301-620x.41b2.248
https://doi.org/10.1097/00003086-198602000-00003
https://doi.org/10.3171/spi.2003.99.1.0104
https://doi.org/10.3171/spi.2003.99.1.0104
https://doi.org/10.1016/j.spinee.2014.03.044
https://doi.org/10.1016/j.spinee.2014.03.044
https://doi.org/10.1016/j.wneu.2020.07.205
https://doi.org/10.1016/j.wneu.2020.07.205
https://doi.org/10.1177/2192568220956979
https://doi.org/10.2106/JBJS.ST.19.00020
https://doi.org/10.1097/BRS.0000000000003193
https://doi.org/10.1097/BRS.0b013e31821cd140
https://doi.org/10.1097/BRS.0b013e31821cd140
https://doi.org/10.1016/j.wneu.2014.07.041
https://doi.org/10.1016/j.wneu.2014.07.041
https://doi.org/10.1097/00007632-200006150-00013
https://doi.org/10.1097/00007632-200006150-00013
https://doi.org/10.5435/JAAOS-D-16-00342
https://doi.org/10.5435/JAAOS-D-16-00342
https://doi.org/10.1038/s41598-019-53472-z
https://doi.org/10.1038/s41598-019-53472-z
https://doi.org/10.1097/00007632-199116020-00015
https://doi.org/10.1097/00007632-199116020-00015

MUSCULOSKELETAL SURGERY (2021) 105:117-123

123

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Abrahdo GS, Rosa RC, Okubo R, Shimano AC (2012) Effect of
the pilot hole preparation on the anchorage of pedicle screws. Acta
Ortop Bras. https://doi.org/10.1590/S1413-78522012000500006
Oikonomidis S, Grevenstein D, Yagdiran A, Scheyerer MJ, Eh M,
Wegmann K, Eysel P, Sircar K (2020) Probe versus drill: a biome-
chanical evaluation of two different pedicle preparation techniques
for pedicle screw fixation in human cadaveric osteoporotic spine.
Clin Biomech. https://doi.org/10.1016/j.clinbiomech.2020.104997
Seehausen DA, Skaggs DL, Andras LM, Javidan Y (2015) Safety
and efficacy of power-assisted pedicle tract preparation and screw
placement. Spine Deform 3:159-165. https://doi.org/10.1016/j.
jspd.2014.07.001

Perna F, Borghi R, Pilla F, Stefanini N, Mazzotti A, Chehrassan M
(2016) Pedicle screw insertion techniques: an update and review
of the literature. Musculoskelet Surg 100:165-169. https://doi.org/
10.1007/s12306-016-0438-8

Allen J, Akpolat YT, Kishan S, Peppers T, Asgarzadie F, Cheng
WK (2015) Comparison between gearshift and drill techniques for
pedicle screw placement by resident surgeons. Int J Spine Surg.
9:23

Skaggs DL, Claeson A, Schwab FJ, Gandhi A (2020) P15: Power-
assisted pedicle screw placement decreases screw wobble. Spine
J. https://doi.org/10.1016/j.spinee.2020.05.413

Mabhajan A, Vadapalli S, Steele B (2012) Biomechanical evalua-
tion of the POWEREASE tapper/driver system. Medtronic Intern
White Pap 1-4

Yan H, Jiang D, Xu L, Liu Z, Sun X, Sha S, Qiu Y, Zhu Z (2018)
Does the full power-assisted technique used in pedical screw
placement affect the safety and efficacy of adolescent idiopathic
scoliosis surgery? World Neurosurg 116:¢79-e85. https://doi.org/
10.1016/j.wneu.2018.04.047

Kojima A, Fujii A, Morioka S, Torii Y, Arai K, Sasao Y (2018)
Safety and efficacy of percutaneous pedicle screw placement using
a power tool. Spine Surg Relat Res 2:60-64

Skaggs DL, Schwab F, Cleason AGA (2019) Power-assisted
pedicle screw insertion reduces muscle exertion. In: Congress of
neurological surgeons annual meeting

Faldini C, Perna F, Geraci G, Pardo F, Mazzotti A, Pilla F, Ruffilli
A (2018) Triplanar correction of adolescent idiopathic scoliosis
by asymmetrically shaped and simultaneously applied rods asso-
ciated with direct vertebral rotation: clinical and radiological
analysis of 36 patients. Eur Spine J 27:165-174. https://doi.org/
10.1007/s00586-018-5595-z

217.

28.

29.

30.

31.

32.

33.

34.

35.

Faldini C, Perna F, Ruffilli A, Mazzotti A, Panciera A, Traina F
(2019) Surgical correction in AIS. Eur Spine J 28:6-8. https://doi.
org/10.1007/300586-018-05865-3

Ruffilli A, Fiore M, Martikos K, Barile F, Pasini S, Battaglia M,
Greggi T, Faldini C (2021) Does use of pre-operative low-dose
CT-scan in adolescent idiopathic scoliosis improve accuracy in
screw placement? Results of a retrospective study. Spine Deform-
ity. https://doi.org/10.1007/s43390-021-00343-1

Parker SL, McGirt MJ, Farber SH, Amin AG, Rick AM, Suk I,
Bydon A, Sciubba DM, Wolinsky JP, Gokaslan ZL, Witham TF
(2011) Accuracy of free-hand pedicle screws in the thoracic and
lumbar spine: analysis of 6816 consecutive screws. Neurosurgery
68:170-178. https://doi.org/10.1227/NEU.0b013e3181fdfaf4
Chung KJ, Suh SW, Desai S, Song HR (2008) Ideal entry point
for the thoracic pedicle screw during the free hand technique. Int
Orthop 32:657-662. https://doi.org/10.1007/s00264-007-0363-4
Kim TH, Lee SH, Yang JH, Hong JY, Suh SW (2018) Clinical
significance of superior articular process as a reference point for
free-hand pedicle screw insertion in thoracic spine. Med (United
States) 97:1-7. https://doi.org/10.1097/MD.0000000000009907
Illingworth KD, Andras LM, Claeson AA, Skaggs DL (2019)
Surgical technique: power pedicle preparation and screw insertion
in the treatment of pediatric spinal deformity. JPONSA 1(1):1-8
Watanabe K, Lenke LG, Matsumoto M, Harimaya K, Kim Y],
Hensley M, Stobbs G, Toyama Y, Chiba K (2010) A novel pedicle
channel classification describing osseous anatomy. Spine (Phila
PA 1976) 35:1836-1842. https://doi.org/10.1097/brs.0b013e3181
d3cfde

Barber JW, Boden SD, Ganey T, Hutton WC (1998) Biomechani-
cal study of lumbar pedicle screws: does convergence affect axial
pullout strength? J Spinal Disord 11:215-220

Erkan S, Hsu B, Wu C, Mehbod AA, Perl J, Transfeldt EE (2010)
Alignment of pedicle screws with pilot holes: can tapping improve
screw trajectory in thoracic spines? Eur Spine J. https://doi.org/
10.1007/500586-009-1063-0

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1590/S1413-78522012000500006
https://doi.org/10.1016/j.clinbiomech.2020.104997
https://doi.org/10.1016/j.jspd.2014.07.001
https://doi.org/10.1016/j.jspd.2014.07.001
https://doi.org/10.1007/s12306-016-0438-8
https://doi.org/10.1007/s12306-016-0438-8
https://doi.org/10.1016/j.spinee.2020.05.413
https://doi.org/10.1016/j.wneu.2018.04.047
https://doi.org/10.1016/j.wneu.2018.04.047
https://doi.org/10.1007/s00586-018-5595-z
https://doi.org/10.1007/s00586-018-5595-z
https://doi.org/10.1007/s00586-018-05865-3
https://doi.org/10.1007/s00586-018-05865-3
https://doi.org/10.1007/s43390-021-00343-1
https://doi.org/10.1227/NEU.0b013e3181fdfaf4
https://doi.org/10.1007/s00264-007-0363-4
https://doi.org/10.1097/MD.0000000000009907
https://doi.org/10.1097/brs.0b013e3181d3cfde
https://doi.org/10.1097/brs.0b013e3181d3cfde
https://doi.org/10.1007/s00586-009-1063-0
https://doi.org/10.1007/s00586-009-1063-0

	Power-assisted pedicle screws placement: Is it as safe and as effective as manual technique? Narrative review of the literature and our technique
	Abstract
	Introduction
	Pull-out strength
	Safety
	Fluoroscopy time
	Surgeon musculoskeletal overuse injuries
	Our experience: technical tips and tricks, critical aspects
	Conclusions
	References




