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KEY POINTS

� As three-dimensional (3D) navigation and robotic-assisted deformity surgery are becoming increas-
ingly popular, there are currently increasing data on the impact of robotics use on patient-related
outcomes including instrumentation failure, complication rates, and surgical efficiency.

� Navigation-guided approaches have been developed to maximize screw placement success and
minimize injury.

� Despite the potential advantages of 3D navigation and robotics systems, there is limited data avail-
able demonstrating superiority of these advanced technology over the traditional freehand
fluoroscopy-guided method specifically in the setting of spinal deformity.
INTRODUCTION and has made significant advancement in spine
om
Adult spinal deformity (ASD) is characterized by
misalignment and imbalance in the sagittal and
coronal planes that may result in disability in daily
activities of living and significant negative impact
in quality of life.1–3 The current prevalence is esti-
mated to be up to 70% in those of age 60 years
or older and is projected to increase with the aging
population.4,5

The goal of ASD surgery is to correct the defor-
mity based on appropriate spinopelvic parameters.
Advances in surgical techniques and perioperative
care have increased the pursuit of surgical treat-
ment for ASD with promising potential in improving
pain and disability.6–8 However, surgery is still not
without risks. Postoperative complications such
as instrumentation failure and infection, blood
loss, and long duration of surgery remain chal-
lenging issues.

The development of intraoperative navigation
and surgical robotics has been rapidly progressing
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surgery in terms of improved preoperative visuali-
zation and planning, screw placement accuracy,
and reduced postoperative complications.9–13 As
robots are becoming more capable of handling
increasingly complex spinal procedures, robotic-
assisted surgery is beginning to become more
widely adopted in spine procedures including
deformity corrections.14,15

DISCUSSION
Instrumentation

Pedicle screw placement with intraoperative fluo-
roscopy is a popular and established technique
for reconstructive surgery for deformity. However,
the pedicle wall breach rate using the freehand
technique can range up to 23%.16 Factors that
can affect accuracy include the surgeon’s experi-
ence, case complexity, limitations of two-
dimensional (2D) imaging, and patient-specific
factors. Two-dimensional imaging resulting from
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Fig. 1. An example of a surgical robot for spinal
fusion surgery.
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fluoroscopy/plain films has limitations in assessing
the true anatomy, which is critical for accurate
pedicle screw placement. This is especially pro-
nounced in patients with spinal deformity who
have difficult anatomy and yet often require exten-
sive constructs.17,18 Moreover, about a quarter of
all patients who have malpositioned instrumenta-
tion may require implant revision or removal, which
is associated with high cost and morbidity.17,19 To
this end, three-dimensional (3D) intraoperative im-
aging techniques such as computed tomography
(CT) imaging may improve screw placement accu-
racy.17,20–22 Intraoperative 3D imaging allows the
surgeon to identify misplaced screws during the
procedure and replace these screws before
completion of the operation. In addition, CT-
guided navigation can provide real-time 3D feed-
back for the surgeon by using preoperative and/
or intraoperative CT scan to digitally reconstruct
an anatomic map for the surgeon during the oper-
ation. The ability to see the 3D anatomy of the
spine may be useful in complex deformity surgery,
revision surgery, and pelvic fixation where visuali-
zation and understanding of the deformed spine
are essential.
In addition to 3D imaging, the integration of ro-

botics into spine surgery has been an integral
part of improving the instrumentation accuracy
especially in the realm of minimally invasive sur-
gery (MIS) (Figs. 1 and 2). For spinal fusion pro-
cedures, previous studies have demonstrated
numerous advantages of robotic-assisted naviga-
tion with accuracy rates up to 98%.11,23 In addition
to increased accuracy, robotic-assisted spine sur-
gery results in minimal intraoperative blood loss
and less tissue destruction compared with the
conventional freehand technique and MIS.24–26

Despite the benefits of navigation- and robotic-
guided spine surgery, the currently available evi-
dence demonstrates similar performance for
guided navigation and traditional freehand tech-
nique.27–29 Although there are no studies demon-
strating a definitive advantage of navigated
techniques in the setting of spinal deformity, the
use of navigated techniques may be a valuable
aid to the surgeons in complex spine cases per
their preference.
Fig. 2. Depiction of pedicle screw placement in a spi-
nal fusion surgery which involves the robotic arm
guidance for pedicle screw placement followed by
insertion of pedicle screw in the trajectory defined
by the robotic arm.
Sacroiliac Fixation

Successful lumbosacral fusions have been difficult
to achieve, with high postoperative complications
and pseudoarthrosis rates due to the unfavorable
anatomical structure and biomechanical profile of
the lumbosacral junction.30 Bilateral iliac screws
were traditionally used to strengthen the caudal
end of lumbosacral constructs during posterior
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lumbosacral instrumented fusion.31,32 Studies
have shown that iliac screw fixation increases the
biomechanical strength at the lumbosacral junc-
tion with good clinical outcomes.30,32,33 Robotic-
assisted iliac screw fixation has been increasingly
pursued when considering a minimally invasive
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approach due to the heterogeneity and suboptimal
visualization of the pelvic anatomy.34,35 Iliac screw
fixation is critical to a variety of indications
including long-segment constructs, high-grade
spondylolisthesis, pseudoarthrosis, and deformity
correction. Studies have shown that image-guided
sacroiliac screw fixation allows for minimally inva-
sive approach without compromising the strength
of the sacropelvic fixation that enhances bony
fusion.36–39 Furthermore, navigated sacroiliac sur-
geries reduce surrounding tissue damage, mini-
mize bleeding, and decrease the risk for wound
infection and disunion40–43 while maintaining ac-
curacy rate as high as 95%.43–45

However, due to their lateral positioning relative
to the axis of lumbar screws, these iliac screw
heads require additional contorting of the rods or
needing to be accompanied by an offset
connector, both of which contribute to increasing
the risk of potential mechanical failure. As an alter-
native strategy to reduce the need for unnatural
rod adjustments and an extra component for
instrumentation, bilateral sacroiliac screws were
introduced in which the heads of the screws can
align with the rest of the lumbosacral screws in a
long construct.36 Particularly, S2 alar-iliac screws
demonstrate improved outcomes for pelvic obliq-
uity correction and anchor stability compared
with traditional iliac fixation.46 More recently,
studies have shown that image-guided sacroiliac
screw fixation allows for minimally invasive
approach without compromising the strength of
the sacropelvic fixation that enhances bony
fusion.36–39 Furthermore, navigated sacroiliac sur-
geries may further reduce surrounding tissue dam-
age, minimize bleeding, and decrease the risk for
wound infection and disunion.40,41
Radiation Exposure

Radiationexposure to the surgeonduring spine sur-
gery is another disadvantage of the freehand tech-
nique which often requires multiple fluoroscopic
images for confirmation. The 3D navigation and ro-
botics systems have been shown to significantly
decrease the radiation exposure for the surgeon
compared with the freehand technique.11,12,47–49

However, due to the use of intraoperative CT
scan, radiation exposure may not be decreased
(and, in some instances, increased) for the patient
using the 3D navigation and robotics systems.50

Although the reduction in radiation exposure for
the surgical team is a significant benefit, this may
come at the expense of increased radiation to the
patient; hence, the surgeon should be aware of
this risk when evaluating patients and selecting
the most appropriate surgical approach.
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Disadvantages

Three-dimensional navigation and robotics have
many potential benefits including improved instru-
mentation accuracy, better appreciation of anat-
omy, and reduced radiation exposure to the
surgical team. Despite these advantages, there
still exist significant limitations in fully adopting
this technology. First, one of the important limita-
tions is the cost.14 As novel robotics systems are
hitting the market, the cost is also proportionally
increasing with the newer models approaching
over $1 million US dollars.51 Currently, there are
no studies to date that demonstrate superior
cost-effectiveness of these advanced guidance
systems in deformity surgery. Second, particularly
for senior surgeons with experience and profi-
ciency using freehand fluoroscopy-guided tech-
niques, the addition of 3D navigation or robotic
technology may increase operative time without
imparting a meaningful clinical benefit in terms of
improved patient outcomes due to the learning
curve that may be associated with its initial
use.48,52–56 Over time, these advanced instrumen-
tation tools may improve complication and reoper-
ation rates related to malpositioned screws as well
as reduce total operative time, particularly in pa-
tients with abnormal and complex spine anatomy.
Finally, reliance on navigation technology can
compromise the anatomy skills of surgeons in
training which may lead to suboptimal outcomes
in circumstances of technology failure or when
technology support is not available (eg, nights
and weekends). Hence, surgeons must take
caution against relying too heavily on navigational
assistance and use it primarily as an assistive tool
to augment their understanding of the patient-
specific anatomy to allow for safer and more effi-
cient surgeries.
SUMMARY

The use of 3D navigation systems and robotics in
deformity surgery is an area of rapid advancement
in the treatment of ASD. In spinal fusion surgery,
robotics has led to increased intraoperative accu-
racy for pedicle screw placement while decreasing
radiation exposure, complication rates, blood loss,
and recovery time for patients. Compared with the
historically accepted freehand fluoroscopy-
assisted instrumentation, there is currently insuffi-
cient evidence suggesting any definitive advan-
tages of robotics over the traditional freehand
technique. Most of the studies demonstrating su-
periority of robotic systems are relatively small
and are retrospective given the early stages of
these technologies for use in deformity surgery.
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Also, the incorporation of these advanced naviga-
tion systems can be financially and chronologically
costly. Ideally, the surgeon should use this
advanced technology as a tool for enhancing their
surgical workflow but should not rely on this tech-
nology to replace surgical experience, a detailed
understanding of spine anatomy, and sound clin-
ical judgment.
CLINICS CARE POINTS
� Robotic-assisted spinal fusion and sacroiliac
fixation surgeries have suggested high accu-
racy rates, minimal intraoperative blood
loss, and less injury to surrounding tissue
compared with the conventional freehand
technique.

� The three-dimensional (3D) navigation and
robotics systems have been shown to signifi-
cantly decrease the radiation exposure for
the surgical team compared with the free-
hand technique; however, due to the use of
intraoperative computed tomography scan,
radiation exposure may not be significantly
decreased for the patient.

� Limitations to 3D navigation and robotics
include cost, learning curve, and technology
dependence.

� Further evidence is needed to validate the ad-
vantages of robotics over the traditional free-
hand technique in deformity surgery.
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3. Pellisé F, Vila-Casademunt A, Ferrer M, et al. Impact

on health related quality of life of adult spinal defor-

mity (ASD) compared with other chronic conditions.

Eur Spine J 2015;24(1):3–11.

4. Schwab F, Dubey A, Gamez L, et al. Adult scoliosis:

prevalence, SF-36, and nutritional parameters in an

elderly volunteer population. Spine 2005;30(9):

1082–5.

5. Ames CP, Scheer JK, Lafage V, et al. Adult Spinal

Deformity: Epidemiology, Health Impact, Evaluation,

and Management. Spine Deform 2016;4(4):310–22.

6. Bridwell KH, Baldus C, Berven S, et al. Changes in

radiographic and clinical outcomes with primary

treatment adult spinal deformity surgeries from two

years to three- to five-years follow-up. Spine 2010;

35(20):1849–54.

7. Smith JS, Lafage V, Shaffrey CI, et al. Outcomes of

Operative and Nonoperative Treatment for Adult Spi-

nal Deformity: A Prospective,Multicenter, Propensity-

Matched Cohort Assessment With Minimum 2-Year

Follow-up. Neurosurgery 2016;78(6):851–61.

8. Smith JS, Shaffrey CI, Glassman SD, et al. Risk-

benefit assessment of surgery for adult scoliosis:

an analysis based on patient age. Spine 2011;

36(10):817–24.

9. Amiot LP, Lang K, Putzier M, et al. Comparative re-

sults between conventional and computer-assisted

pedicle screw installation in the thoracic, lumbar,

and sacral spine. Spine 2000;25(5):606–14.

10. Overley SC, Cho SK, Mehta AI, et al. Navigation and

Robotics in Spinal Surgery: Where Are We Now?

Neurosurgery 2017;80(3s):S86–99.

11. Kantelhardt SR, Martinez R, Baerwinkel S, et al. Peri-

operative course and accuracy of screw positioning

in conventional, open robotic-guided and percuta-

neous robotic-guided, pedicle screw placement.

Eur Spine J 2011;20(6):860–8.

12. Roser F, Tatagiba M, Maier G. Spinal robotics: cur-

rent applications and future perspectives. Neurosur-

gery 2013;72(Suppl 1):12–8.

13. Wang MY, Goto T, Tessitore E, et al. Introduction. Ro-

botics in neurosurgery. Neurosurg Focus 2017;

42(5):E1.

14. Faria C, Erlhagen W, Rito M, et al. Review of Robotic

Technology for Stereotactic Neurosurgery. IEEE Rev

Biomed Eng 2015;8:125–37.

15. Bertelsen A, Melo J, Sánchez E, et al. A review of

surgical robots for spinal interventions. Int J Med

Robot 2013;9(4):407–22.

16. Rajasekaran S, Vidyadhara S, Ramesh P, et al. Ran-

domized clinical study to compare the accuracy of

navigated and non-navigated thoracic pedicle

screws in deformity correction surgeries. Spine

2007;32(2):E56–64.
izuce@gmail.com) en National Library of Health 
re 01, 2023. Para uso personal exclusivamente. No 
. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S1042-3680(23)00049-9/sref1
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref1
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref1
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref1
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref1
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref2
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref2
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref2
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref2
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref2
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref3
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref3
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref3
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref3
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref4
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref4
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref4
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref4
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref5
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref5
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref5
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref6
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref6
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref6
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref6
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref6
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref7
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref7
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref7
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref7
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref7
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref8
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref8
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref8
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref8
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref9
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref9
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref9
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref9
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref10
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref10
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref10
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref11
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref11
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref11
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref11
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref11
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref12
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref12
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref12
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref13
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref13
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref13
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref14
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref14
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref14
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref15
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref15
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref15
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref16
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref16
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref16
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref16
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref16


Robotic-Assisted Surgery in Deformity Surgery 663
17. Shillingford JN, Laratta JL, Sarpong NO, et al. Instru-

mentation complication rates following spine sur-

gery: a report from the Scoliosis Research Society

(SRS) morbidity and mortality database. J Spine

Surg 2019;5(1):110–5.

18. Li G, Lv G, Passias P, et al. Complications associ-

ated with thoracic pedicle screws in spinal defor-

mity. Eur Spine J 2010;19(9):1576–84.

19. Sankey EW, Mehta VA, Wang TY, et al. The medico-

legal impact of misplaced pedicle and lateral mass

screws on spine surgery in the United States. Neuro-

surgical Focus FOC 2020;49(5):E20.

20. Gelalis ID, Paschos NK, Pakos EE, et al. Accuracy of

pedicle screw placement: a systematic review of

prospective in vivo studies comparing free hand,

fluoroscopy guidance and navigation techniques.

Eur Spine J 2012;21(2):247–55.

21. Van de Kelft E, Costa F, Van der Planken D, et al.

A prospective multicenter registry on the accuracy

of pedicle screw placement in the thoracic, lumbar,

and sacral levels with the use of the O-arm imaging

system and StealthStation Navigation. Spine 2012;

37(25):E1580–7.

22. Tian NF, Xu HZ. Image-guided pedicle screw inser-

tion accuracy: a meta-analysis. Int Orthop 2009;

33(4):895–903.

23. Devito DP, Kaplan L, Dietl R, et al. Clinical accep-

tance and accuracy assessment of spinal implants

guided with SpineAssist surgical robot: retrospec-

tive study. Spine 2010;35(24):2109–15.

24. Schatlo B, Molliqaj G, Cuvinciuc V, et al. Safety and

accuracy of robot-assisted versus fluoroscopy-

guided pedicle screw insertion for degenerative dis-

eases of the lumbar spine: a matched cohort com-

parison. J Neurosurg Spine 2014;20(6):636–43.

25. Jiang B, Pennington Z, Azad T, et al. Robot-Assisted

versusFreehand Instrumentation inShort-SegmentLum-

bar Fusion: Experience with Real-Time Image-Guided

Spinal Robot. World Neurosurg 2020;136:e635–45.

26. Staub BN, Sadrameli SS. The use of robotics in mini-

mally invasive spine surgery. J Spine Surg 2019;

5(Suppl 1):S31–40.

27. Verma R, Krishan S, Haendlmayer K, et al. Func-

tional outcome of computer-assisted spinal pedicle

screw placement: a systematic review and meta-

analysis of 23 studies including 5,992 pedicle

screws. Eur Spine J 2010;19(3):370–5.

28. Tjardes T, Shafizadeh S, Rixen D, et al. Image-

guided spine surgery: state of the art and future di-

rections. Eur Spine J 2010;19(1):25–45.

29. Liu H, Chen W, Wang Z, et al. Comparison of the ac-

curacy between robot-assisted and conventional

freehand pedicle screw placement: a systematic re-

view and meta-analysis. Int J Comput Assist Radiol

Surg 2016;11(12):2273–81.

30. Santos ER, Sembrano JN,Mueller B, et al. Optimizing

iliac screw fixation: a biomechanical study on screw
Descargado para Biblioteca Médica Hospital Mexico (
and Social Security de ClinicalKey.es por Elsevier en no

se permiten otros usos sin autorización. Copyright 
length, trajectory, and diameter. J Neurosurg Spine

2011;14(2):219–25.

31. Kuklo TR,Bridwell KH, LewisSJ, et al.Minimum2-year

analysis of sacropelvic fixation and L5-S1 fusion using

S1 and iliac screws. Spine 2001;26(18):1976–83.

32. Tsuchiya K, Bridwell KH, Kuklo TR, et al. Minimum 5-

year analysis of L5-S1 fusion using sacropelvic fixa-

tion (bilateral S1 and iliac screws) for spinal defor-

mity. Spine 2006;31(3):303–8.

33. Cunningham BW, Lewis SJ, Long J, et al. Biome-

chanical evaluation of lumbosacral reconstruction

techniques for spondylolisthesis: an in vitro porcine

model. Spine 2002;27(21):2321–7.

34. Shin JH, Hoh DJ, Kalfas IH. Iliac screw fixation using

computer-assisted computer tomographic image

guidance: technical note. Neurosurgery 2012;70(1

Suppl Operative):16–20. discussion 20.

35. Miller F, Moseley C, Koreska J. Pelvic anatomy rela-

tive to lumbosacral instrumentation. J Spinal Disord

1990;3(2):169–73.

36. Kim KD, Duong H, Muzumdar A, et al. A novel tech-

nique for sacropelvic fixation using image-guided

sacroiliac screws: a case series and biomechanical

study. J Biomed Res 2019;33(3):208–16.

37. Turel MK, Kerolus M, Deutsch H. Minimally Invasive

Sacroiliac Fixation for Extension of Fusion in Cases

of Failed Lumbosacral Fusion. J Neurosci Rural

Pract 2018;9(4):574–7.

38. Phan K, Li J, Giang G, et al. A novel technique for

placement of sacro-alar-iliac (S2AI) screws by

K-wire insertion using intraoperative navigation.

J Clin Neurosci 2017;45:324–7.

39. Williams SK, Quinnan SM. Percutaneous Lumbopel-

vic Fixation for Reduction and Stabilization of Sacral

Fractures With Spinopelvic Dissociation Patterns.

J Orthop Trauma 2016;30(9):e318–24.

40. Iorio JA, Jakoi AM, Rehman S. Percutaneous Sacro-

iliac Screw Fixation of the Posterior Pelvic Ring. Or-

thop Clin North Am 2015;46(4):511–21.

41. Halawi MJ. Pelvic ring injuries: Surgical manage-

ment and long-term outcomes. Journal of clinical or-

thopaedics and trauma 2016;7(1):1–6.

42. Hu X, Lieberman IH. Robotic-guided sacro-pelvic

fixation using S2 alar-iliac screws: feasibility and ac-

curacy. Eur Spine J 2017;26(3):720–5.

43. Shillingford JN, Laratta JL, Park PJ, et al. Human

versus Robot: A Propensity-Matched Analysis of

the Accuracy of Free Hand versus Robotic Guid-

ance for Placement of S2 Alar-Iliac (S2AI) Screws.

Spine 2018;43(21):E1297–304.

44. Laratta JL, Shillingford JN, Meredith JS, et al. Ro-

botic versus freehand S2 alar iliac fixation: in-

depth technical considerations. Journal of spine sur-

gery (Hong Kong) 2018;4(3):638–44.

45. Laratta JL, Shillingford JN, Lombardi JM, et al. Ac-

curacy of S2 Alar-Iliac Screw Placement Under Ro-

botic Guidance. Spine Deform 2018;6(2):130–6.
susmarizuce@gmail.com) en National Library of Health 
viembre 01, 2023. Para uso personal exclusivamente. No 
©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S1042-3680(23)00049-9/sref17
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref17
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref17
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref17
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref17
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref18
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref18
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref18
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref19
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref19
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref19
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref19
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref20
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref20
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref20
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref20
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref20
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref21
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref21
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref21
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref21
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref21
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref21
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref22
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref22
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref22
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref23
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref23
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref23
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref23
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref24
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref24
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref24
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref24
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref24
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref25
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref25
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref25
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref25
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref26
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref26
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref26
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref27
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref27
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref27
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref27
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref27
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref28
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref28
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref28
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref29
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref29
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref29
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref29
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref29
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref30
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref30
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref30
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref30
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref31
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref31
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref31
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref32
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref32
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref32
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref32
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref33
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref33
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref33
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref33
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref34
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref34
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref34
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref34
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref35
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref35
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref35
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref36
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref36
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref36
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref36
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref37
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref37
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref37
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref37
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref38
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref38
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref38
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref38
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref39
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref39
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref39
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref39
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref40
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref40
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref40
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref41
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref41
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref41
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref42
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref42
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref42
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref43
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref43
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref43
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref43
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref43
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref44
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref44
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref44
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref44
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref45
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref45
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref45


Park et al664
46. Sponseller PD, Zimmerman RM, Ko PS, et al. Low

profile pelvic fixation with the sacral alar iliac tech-

nique in the pediatric population improves results

at two-year minimum follow-up. Spine 2010;35(20):

1887–92.

47. Lieberman IH, Hardenbrook MA, Wang JC, et al.

Assessment of pedicle screw placement accuracy,

procedure time, and radiation exposure using a

miniature robotic guidance system. J Spinal Disord

Tech 2012;25(5):241–8.

48. Gao S, Lv Z, Fang H. Robot-assisted and conven-

tional freehand pedicle screw placement: a system-

atic review and meta-analysis of randomized

controlled trials. Eur Spine J 2018;27(4):921–30.

49. Smith HE, Welsch MD, Sasso RC, et al. Comparison

of radiation exposure in lumbar pedicle screw place-

ment with fluoroscopy vs computer-assisted image

guidance with intraoperative three-dimensional im-

aging. J Spinal Cord Med 2008;31(5):532–7.

50. Mendelsohn D, Strelzow J, Dea N, et al. Patient and

surgeon radiation exposure during spinal instrumen-

tation using intraoperative computed tomography-

based navigation. Spine J 2016;16(3):343–54.
Descargado para Biblioteca Médica Hospital Mexico (susmar
and Social Security de ClinicalKey.es por Elsevier en noviemb

se permiten otros usos sin autorización. Copyright ©2023
51. Vo CD, Jiang B, Azad TD, et al. Robotic Spine Sur-

gery: Current State in Minimally Invasive Surgery.

Global Spine J 2020;10(2 Suppl):34S–40S.

52. Lee KH, Yeo W, Soeharno H, et al. Learning curve of

a complex surgical technique: minimally invasive

transforaminal lumbar interbody fusion (MIS TLIF).

J Spinal Disord Tech 2014;27(7):E234–40.

53. Sharif S, Afsar A. Learning Curve and Minimally

Invasive Spine Surgery. World Neurosurg 2018;

119:472–8.

54. Sclafani JA, Kim CW. Complications associated with

the initial learning curve of minimally invasive spine

surgery: a systematic review. Clin Orthop Relat

Res 2014;472(6):1711–7.

55. Hu X, Lieberman IH. What is the learning curve for

robotic-assisted pedicle screw placement in spine

surgery? Clin Orthop Relat Res 2014;472(6):

1839–44.

56. Li HM, Zhang RJ, Shen CL. Accuracy of Pedicle

Screw Placement and Clinical Outcomes of Robot-

assisted Technique Versus Conventional Freehand

Technique in Spine Surgery From Nine Randomized

Controlled Trials: A Meta-analysis. Spine 2020;45(2):

E111–9.
izuce@gmail.com) en National Library of Health 
re 01, 2023. Para uso personal exclusivamente. No 
. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S1042-3680(23)00049-9/sref46
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref46
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref46
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref46
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref46
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref47
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref47
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref47
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref47
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref47
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref48
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref48
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref48
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref48
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref49
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref49
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref49
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref49
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref49
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref50
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref50
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref50
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref50
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref51
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref51
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref51
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref52
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref52
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref52
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref52
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref53
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref53
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref53
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref54
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref54
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref54
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref54
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref55
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref55
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref55
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref55
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref56
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref56
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref56
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref56
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref56
http://refhub.elsevier.com/S1042-3680(23)00049-9/sref56

	Robotic-Assisted Surgery and Navigation in Deformity Surgery
	Key points
	Introduction
	Discussion
	Instrumentation
	Sacroiliac Fixation
	Radiation Exposure
	Disadvantages

	Summary
	Clinics care points
	Disclosure
	References


