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Introduction

The surgical treatment of congenital spine deformi-
ties ranges from in situ fusion to complex osteotomies. 
Regardless of the magnitude of surgery, stable fixation 
leads to improved arthrodesis rates and patient outcomes 
[6]. Spinal instrumentation has evolved to 3-column fixa-
tion using pedicle screws even in the smallest of children. 
Pedicle screw instrumentation remains challenging given 
the patient size and anomalous anatomy; malpositioned 
implants are the most common cause of reoperation in 
pediatric spine deformity [1,10,12,14].

The advent of computer-assisted navigation (CAN) in 
pediatric spine deformity has led to increased screw accu-
racy and diminished return to the operating room for screw 
malposition [9]. While the majority of the pediatric spine 
literature reporting on CAN safety and accuracy focuses on 
adolescent idiopathic scoliosis (AIS), there are reports of 
screw accuracy rates of 99% when CAN is used 

for congenital scoliosis [8]. Similarly, initial reviews of 
robotic-assisted spine surgery have been centered around 
AIS, with Devito et al [2] reporting on increased accuracy 
rates for pediatric spine deformity compared with freehand 
techniques. Previously, robotic platforms have not been 
associated with CAN until the Food and Drug Administration 
clearance of robotics coupled with navigation in 2019. The 
promise of this technology is based on the ability to study 
anatomy and plan screw placement, the use of a robotic arm 
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Abstract
Background: Spinal instrumentation in children with congenital spine deformity poses challenges to the surgeon, given the 
small patient size and the anomalous anatomy often encountered. Purpose: We aimed to investigate the accuracy of screw 
placement when robotics coupled with real-time navigation was used for surgical treatment of pediatric congenital spine 
deformity at 1 institution. Methods: We conducted a retrospective search of our institution’s database for all patients 
younger than 18 years of age with congenital spine deformity who were treated with the robotics surgical platform 
coupled with navigation between June 2019 and December 2020. We recorded data on demographics, location and type 
of anomaly, procedure performed, and intraoperative variables related to robotics and navigation. We reviewed the images 
of patients who had intraoperative 3-dimensional imaging or postoperative computed tomographic scans to determine 
the accuracy of screw placement using the Gertzbein-Robbins scale. Results: In 14 patients identified, a total of 95 screws 
were attempted, with 94 successfully placed using robotics coupled with navigation. There were no noted screw-related 
complications (neurologic or visceral) and no return to the operating room for screw malposition. Conclusion: Patients 
with congenital spine deformity present potentially unique challenges due to variant anatomy. This retrospective series 
suggests that robotics coupled with navigation for congenital spine deformity correction in the pediatric population may 
aid in accurate screw placement and reduce complication rates. More rigorous study is warranted.

Keywords
spine deformity, congenital, robotic-assisted navigation, pediatric, scoliosis

https://us.sagepub.com/en-us/journals-permissions
http://journals.sagepub.com/home/hss
mailto:daniel.hedequist@childrens.harvard.edu


290 HSS Journal®: The Musculoskeletal Journal of Hospital for Special Surgery 17(3) 

to guide trajectory of instrumentation and screw placement, 
and the coupling with real-time navigation that confirms 
appropriate implant placement.

Currently, there are few reports in the literature on robot-
ics coupled with navigation in pediatric spine deformity [5]. 
We found no reports on this evolving technology in patients 
with congenital spine deformity. We present our initial 
experience with robotics coupled with real-time navigation 
to address pediatric congenital spine deformity.

Methods

Our Institutional Review Board approved this study. We 
searched our surgical database for patients aged less than 18 
years old who were treated with the surgical platform of 
robotics coupled with navigation since June 2019. The data-
base search was then refined to include patients with a con-
genital spine deformity. Recorded data included 
demographics, location and type of anomaly, and the proce-
dure performed. Data on intraoperative variables related to 
robotics and navigation were also recorded. Intraoperative 
problems with the surgical platform, failure to place pedicle 
screws, and any complications were documented. We 
reviewed images of patients who had intraoperative 
3-dimensional (3D) imaging or postoperative computed 
tomographic (CT) scans to determine the accuracy of screw 
placement using the Gertzbein-Robbins scale. This grading 
system reflects deviation of the screw from the intrapedicu-
lar trajectory, with grade A being fully intrapedicular, grade 
B exceeding the pedicle cortex <2mm, grade C exceeding 
the cortex 2–4 mm, grade D exceeding the cortex 4–6 mm, 
and grade E exceeding the cortex >6 mm [4].

Case Example

The patient was a 33-month-old girl who presented to an 
outside institution with a noted lumbar deformity and gait 
abnormality related to calf atrophy and heel cord tightness. 
Imaging studies revealed a congenital dislocation of the 
lumbar spine with thecal sac compression and spinal cord 
syrinx (Figs 1 and 2). She had normal urodynamic studies 
with gross motor strength intact, heel cord tightness, and 
calf atrophy. Given her significant deformity, neurologic 
compression, and potential for deformity progression, a 
decision was made to proceed with vertebral column resec-
tion with decompression and short-segment fusion with 
longer instrumentation to enhance stability and minimize 
fusion length.

She was taken to the operating room where standard 
anesthetic techniques were used with neurophysiologic 
monitoring. Standard midline exposure was performed 
between L2 and L4 with extraperiosteal exposure of L1 and 
L5 to preserve the facet joints and prevent exposure in a 
subperiosteal manner.

A preoperative CT scan was done under a pediatric 
robotic protocol to allow for intraoperative registration by 
fluoroscopy to be coupled with the CT scan. The preopera-
tive CT scan images were evaluated with computer soft-
ware to allow for planning of screw length, diameter, and 
trajectory. A Schanz pin was placed in the right posterior 
superior iliac spine (PSIS), and the robotic mount was per-
formed, followed by registration of the navigation system. 
Two orthogonal fluoroscopic images were taken and suc-
cessfully registered to the preoperative CT scan.

Next, we placed pedicle screws under robotic guidance 
and navigation bilaterally at L1 and L2, followed by screws 
at L4 and L5 on the left side. Given the patient’s small size, 
the robotic mount interfered with the robotic trajectory on 
the right side. We then elected to place a left-sided PSIS pin 
and reregistered the anatomy using 2 fluoroscopic images. 
Successful registration was followed by robotic-assisted 
placement of screws at L4 and L5 on the right side (Fig. 3).

We proceeded with a complete vertebral column resec-
tion of L3 with disk removal at L2–L4 (Fig. 4), followed by 
placement of an interbody cage and compression instru-
mentation with correction of the deformity. Neurophysiologic 
monitoring remained normal throughout. Decortication 
between L2 and L4 was performed, taking care not to 
expose any more of the adjacent levels. The patient woke 

Fig. 1. Sagittal MRI of 33-month-old patient with congenital 
dislocation of spine, lumbar compression, and spinal cord syrinx. 
MRI magnetic resonance imaging.
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from anesthesia with a normal neurologic examination. 
Postoperative CT scan revealed complete containment of 
all pedicle screws with excellent thecal decompression and 
local alignment (Figs 5 and 6). The patient was scheduled to 
return in 6 months to shorten the instrumentation to include 
only L2–L4 into the final fusion.

Results

We identified 14 patients at Boston Children’s Hospital who 
underwent surgical treatment for a congenital spine defor-
mity with the assistance of robotics coupled with navigation 
between June 2019 and December 2020. The mean age of 
the patients was 11.8 (3–16) years, and the mean body mass 
index was 18.1 (16.3–23.6) kg/m2. The diagnoses treated 
were 4 hemivertebra, 1 congenital kyphosis, 3 congenital 
spondylolisthesis, 4 mixed anomalies, and 2 lumbosacral 
anomalies. The mode of registration included 4 patients 
who had a preoperative CT registered to intraoperative fluo-
roscopy and 10 patients who had an intraoperative registra-
tion using 3D imaging (O-arm). The mean number of levels 
fused was 5 (range, 2–13). The mean operative time for the 
robotic portion of the case was 57 (range, 33–100) minutes. 
This time is defined from beginning of placing the robotic 
mount to the end of robotic screw placement. The total 

mean operating room time was 5.1 (2–8.42) hours, and the 
mean estimated blood loss was 250 (50–650) mL.

A total of 95 screws were attempted, with 94 successfully 
placed using robotics coupled with navigation. The mean 
number of screws placed was 7 (range, 3–11). Eight of the 
14 patients had sacral-pelvic fixation. All screws were 
placed successfully with the exception of 1 screw noted on 
fluoroscopy to be laterally deviated in the pedicle of L5 that 
was subsequently replaced by freehand technique. The lat-
eral deviation was thought to be caused by excessive soft 
tissue pressure on the robotic arm. Of the 94 executed 
screws, 52 had additional postscrew placement using either 
O-arm or postoperative CT scans. All these scans were 
reviewed and screws graded per the Gertzbein-Robbins clas-
sification. Ultimately, all the 52 screws were noted to be 
accurate and graded as either A or B. The mean operative 
time for the robotic portion of the case was 57 (range, 33–
100) minutes. This time is defined from the beginning of 
robotic mount to the end of robotic screw placement. There 
were no noted screw-related complications (neurologic or 
visceral) in this series and no return to the operating room 
for screw malposition; no intraoperative problems related to 
the robotic platform, no registration difficulties, and no tech-
nical problems that altered the operative plan were noted.

Discussion

Stable fixation of the spine via pedicle screws is crucial in 
spinal deformity surgery. Malpositioned screws, while 
uncommon, may lead to neurologic deficit, diminished cor-
rection, pseudarthrosis, and return to the operating room for 
revision [12]. Multiple techniques exist for placement of 
pedicle screws and include freehand placement, fluoro-
scopically assisted placement, and navigation-assisted 

Fig. 2. Sagittal CT scan of patient detailing bony anatomy. 
CT computed tomography.

Fig. 3. Intraoperative fluoroscopic view showing anatomical 
trajectory of robotically placed screws.
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placement. The use of CAN was developed to reduce error 
pedicle screw placement, with the greatest promise in cases 
where anatomical distortions are present [8,9], most nota-
bly revision cases, syndromes such as neurofibromato-
sis, and congenital spine deformities. Little literature exists 
on the optimal techniques for placing instrumentation in 
pediatric patients with congenital deformities despite stud-
ies concluding its use is safe and efficacious.

The adoption of robotics by the spinal deformity com-
munity has evolved over the last 2 decades; multiple studies 
suggest improved accuracy and decreased radiation expo-
sure for pedicle screw placement [6,7,11,13]. Although 
many of these studies focus on the adult spinal deformity 
population, the use of robotics in children with idiopathic 
scoliosis is described with positive results [8]. One of the 
pitfalls in robotics has been the surgeon’s lack of tactile feel 
when placing screws, coupled with no visual feedback on 
the anatomical trajectory. The coupling of navigation with 
robotics has evolved over the last decade to involve systems 
with a platform that includes preoperative planning soft-
ware, a robotic arm for trajectory guidance, and real-time 
computer navigation allowing for visual confirmation of 
3-dimensional anatomy [5]. The robotic arm includes an 
optic camera that allows the robot to perform a 3D assess-
ment of the work to self-reference its location and provide 
collision avoidance intraoperatively [3].

Our series is the first description of using this technology 
for congenital spine deformities. Patients with congenital 
spine deformities remain a challenging subset of patients 
with pediatric spine deformity given their small stature and 
their anomalous anatomy. The standard means of registra-
tion for this platform may done in 1 of 2 ways: a preopera-
tive CT scan registered to intraoperative fluoroscopic 
images or by obtaining intraoperative 3D imaging such as 
with an O-arm. This population of patients presents poten-
tially unique challenges with robotics and navigation, which 
is worthy of study. Notably, from a planning standpoint, 

Fig. 5. Coronal CT documenting containment of pedicle 
screws. CT computed tomography.

Fig. 6. Sagittal CT documenting decompression and restoration 
of alignment with intervertebral cage placement for anterior 
column support and arthrodesis. CT computed tomography.

Fig. 4. Intraoperative photo showing complete VCR with 
circumferential decompression of dural sac. VCR vertebral 
column resection.



Sawires et al 293

registering the patient’s variant anatomy could present a 
problem for the computer software, as the programs are 
built according to normal vertebral anatomy. We had no 
issues with registering the patient’s anatomy with the com-
puter software program and thus the surgical planning pro-
gram. There were no noted screw-related complications in 
this series and no return to the operating room for screw 
malposition. All screws were placed accurately with 
Gertzbein-Robbins classification grade A or B. We noted no 
intraoperative problems related to the robotic platform. We 
hope to study patient outcomes and complication rates of 
robotics coupled with navigation in a larger cohort of pedi-
atric patients.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

Human/Animal Rights

All procedures followed were in accordance with the ethical stan-
dards of the responsible committee on human experimentation 
(institutional and national) and with the Helsinki Declaration of 
1975, as revised in 2013.

Informed Consent

Informed consent was waived from all patients included in this 
study.

Level of Evidence

Level IV: Retrospective Therapeutic Study.

Required Author Forms

Disclosure forms provided by the authors are available with the 
online version of this article as supplemental material.

References

 1. Bastrom TP, Yaszay B, Shah SA, et al. Major complications 
at two years after surgery impact SRS scores for adolescent 
idiopathic scoliosis patients. Spine Deform. 2019;7(1):93–99.

 2. Devito DP, Kaplan L, Dietl R, et al. Clinical acceptance 
and accuracy assessment of spinal implants guided with 
SpineAssist surgical robot: retrospective study. Spine (Phila 
Pa 1976). 2010;35(24):2109–2115.

 3. D’Souza M, Gendreau J, Feng A, Kim LH, Ho AL, Veeravagu 
A. Robotic-assisted spine surgery: history, efficacy, cost, and 
future trends. Robot Surg. 2019;6:9–23.

 4. Gertzbein SD, Robbins SE. Accuracy of pedicular screw 
placement in vivo. Spine (Phila Pa 1976). 1990;15(1): 
11–14.

 5. Gonzalez D, Ghessese S, Cook D, Hedequist D. Initial intra-
operative experience with robotic-assisted pedicle screw 
placement with stealth navigation in pediatric spine defor-
mity: an evaluation of the first 40 cases [published online 
ahead of print October 22, 2020]. J Robot Surg. https://doi.
org/10.1007/s11701-020-01159-3.

 6. Han X, Tian W, Liu Y, et al. Safety and accuracy of robot-
assisted versus fluoroscopy-assisted pedicle screw insertion 
in thoracolumbar spinal surgery: a prospective randomized 
controlled trial [published online ahead of print February 8, 
2019]. J Neurosurg Spine. https://doi.org/10.3171/2018.10.
SPINE18487.

 7. Kantelhardt SR, Martinez R, Baerwinkel S, Burger R, Giese 
A, Rohde V. Perioperative course and accuracy of screw posi-
tioning in conventional, open robotic-guided and percutane-
ous robotic-guided, pedicle screw placement. Eur Spine J. 
2011;20(6):860–868.

 8. Larson AN, Polly DW, Guidera KJ, et al. The accuracy of 
navigation and 3D image-guided placement for the placement 
of pedicle screws in congenital spine deformity. J Pediatr 
Orthop. 2012;32(6):e23–e29.

 9. Larson AN, Santos ERG, Polly DW, et al. Pediatric pedicle 
screw placement using intraoperative computed tomography 
and 3-dimensional image-guided navigation. Spine (Phila Pa 
1976). 2012;37(3):E188–E194.

 10. Ledonio CGT, Polly DW, Vitale MG, Wang Q, Richards 
BS. Pediatric pedicle screws: comparative effectiveness 
and safety: a systematic literature review from the Scoliosis 
Research Society and the Pediatric Orthopaedic Society of 
North America task force. J Bone Joint Surg Am. 2011;93(13): 
1227–1234.

 11. Schizas C, Thein E, Kwiatkowski B, Kulik G. Pedicle screw 
insertion: robotic assistance versus conventional C-arm fluo-
roscopy. Acta Orthop Belg. 2012;78(2):240–245.

 12. Shillingford JN, Laratta JL, Sarpong NO, et al. Instrumentation 
complication rates following spine surgery: a report from the 
Scoliosis Research Society (SRS) morbidity and mortality 
database. J Spine Surg. 2019;5(1):110–115.

 13. Shin BJ, James AR, Njoku IU, Härtl R. Pedicle screw navi-
gation: a systematic review and meta-analysis of perfora-
tion risk for computer-navigated versus freehand insertion. J 
Neurosurg Spine. 2012;17(2):113–122.

 14. Zhu F, Sun X, Qiao J, Ding Y, Zhang B, Qiu Y. Misplacement 
pattern of pedicle screws in pediatric patients with spinal 
deformity: a computed tomography study. J Spinal Disord 
Tech. 2014;27(8):431–435.

https://doi.org/10.1007/s11701-020-01159-3
https://doi.org/10.1007/s11701-020-01159-3
https://doi.org/10.3171/2018.10.SPINE18487
https://doi.org/10.3171/2018.10.SPINE18487

