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Minimally Invasive Placement of Pedicle Screws Using Robotic-Assisted
Navigation and Magnetically Controlled Growing Rods in a Patient with
Early-Onset Scoliosis: Technical Note and Case Report

Olivia C Tracey', Jenna L Wisch', Akshitha Adhiyaman', Colson P Zucker', Roger F Widmann,
Jessica H Heyer'
Learning Point of the Article:

This paper describes a minimally invasive approach for inserting magnetically controlled growing rods with robotic-assisted navigation in a
pediatric patient with early-onset scoliosis.

Introduction: Early-onset scoliosis (EOS) refers to spinal curvature exceeding ten degrees in the coronal plane in patients under 10 years old.
When non-operative management fails to control the curvature, surgical intervention may be indicated. In younger patients, growth-friendly
instrumentation may be necessary to allow for continued spinal growth while controlling the curve, which includes magnetically control
growingrods (MCGR). This paper s the first description of robotic-assisted navigation in a patient with EOS undergoing MCGR insertion with
the minimally invasive placement of pedicle screws. The benefits of a trans-muscular robotic-assisted technique include minimizing the risk of
autofusion of the non-instrumented area.

Case Report: The 7-year-old female patient with vertebral, anal, cardiac, tracheoesophageal, renal, esophageal, and limb anomalies and a
complex medical history, presented with progressive, early-onset syndromic scoliosis. She underwent various surgeries in infancy for
imperforate anus, colonic atresia, and malrotation, among other issues. Over time her curve worsened, reaching 71° by age seven. Insertion of
MCGR was recommended and successfully performed using robotic-assisted navigation for placement of pedicle screws. Inmediately post-
operatively, the patients’major curve improved to 15°. She was discharged home without complications on post-operative day 4.

Conclusion: This case study exemplifies the success and safety of growth-friendly instrumentation using robotic-assisted navigation for the
placement of pedicle screws.

Keywords: Magnetically controlled growing rods, early-onsetscoliosis, robotic-assisted navigation.

Introduction while maintaining chest and spinal growth, so as to allow further

Early onset scoliosis (EOS) is defined as coronal-plane spinal
deformity >10° diagnosed in children under 10 years old [1].
Initial treatment often involves non-operative intervention such
as casting or bracing. However, if these interventions do not slow
curve progression, surgery may be necessary. The primary aim of
surgery in patients with EOS is to improve curve magnitude

development of the lungs. These procedures, which include
traditional growing rods (TGRs), magnetically controlled
growingrods (MCGRs), vertical expandable prosthetic titanium
ribs, and the Shilla technique are deemed “growth friendly”
techniques [2-4].

Awell-described phenomenon seen with both TGR and MCGR
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Figure 1: Pre-operative planning. (A) Screw trajectory plan in the lumbar spine, with planned screw outlined in yellow dashes. (B) Burr

trajectory plan to prepare/plane the bone for the screw; inline with the planned screw. (C) Facetectomy burr trajectory plan.

is the law of diminishing returns, which is defined as smaller
amounts of growth with subsequent lengthening [5, 6]. This is
thought to be due to progressive stiffening or autofusion of the
portion of the spine that is spanned by the instrumentation. As
such, growth-friendly constructs are limited in that they can
only provide so much growth once they are implanted. This
underscores the importance of making this surgery as
minimally invasive as possible, so as to not disturb the
periosteum, joints, and soft tissues, which can lead to this
autofusion. Robotic-assisted navigation may facilitate less
invasive surgery that avoids dissection of the paraspinal muscles
off the midline, as well as allowing for trans-muscular minimally

f

Figure 2: Intraoperative images. (A) The robot (white solid arrow) is attached to the spine by abridge (white dashed
arrow), which attaches to a spinous process clamp (black dashed arrow) through a midline incision. There is a
cannula (black solid arrow) that is placed through the robotic end effector and through a percutaneous skin incision,
through which the facetectomies and screw placement are performed. (B) The second spinous process clamp (black
solidarrow) is placed on the more proximal/cranial spinous process before being attached to the robot.

invasive pedicle screw placement, facetectomy, and fusion [7,
8].

This is the first description of robotic-assisted navigation in the
placement of growing rods in a pediatric patient with EOS. This
paper describes the technique utilized at the authors’institution
for MCGR insertion using a minimally invasive approach with
robotic-assisted navigation.

Surgical technique

Preoperatively, the patient undergoes a computed tomography
(CT) scan, localized to the areas of intended pedicle screw
instrumentation. Anesthesia is
rarely utilized for the CT scan
due to its brevity but is used
when necessary. The CT is
uploaded to the robotic-
navigation software and three
plans are made at each level: (1)
The pedicle screw (Fig. 1a), (2)
burr trajectories for bony
preparation of the screw
insertion site (Fig. 1b), and (3)
burr trajectories for the
facetectomies, planning to
remove the inferior articular
process and the cartilage of the
superior articular process (Fig.
Lc). It is important to plan the
bony preparation burr
trajectories (2) in line with the
pedicle screw trajectory (1) to
allow for them both to be
performed through the same
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Figure 3: Pre-operative images obtained at visit 2 weeks before surgery. (A) Anteroposterior (AP) scoliosis standing radiograph, (B) Lateral scoliosis

standing radiograph, (C) Rightbending supine scoliosis radiograph, (D) Left bending supine scoliosis radiograph.

trans-muscular pathway. Consideration should also be made to
have the burr trajectories for the facetectomies (3) not be too
convergent, as this may lead to a need for
percutaneous/additional incisions instead of going through the
initial incision. Of note, these trajectories can be adjusted
intraoperatively toimprove the insertion position of the tools.

The patient is positioned in the prone position on a standard
radiolucent spine table. After prepping and draping, the
proximal and distal anchor sites are localized using fluoroscopic
imaging. A standard midline incision is made at the proximal
and distal anchor sites, with dissection carried down to the level

Figure 4: Post-operative first-erect radiographs were obtained on post-
operative day 4. (A) Anteroposterior (AP) scoliosis standing radiograph,
(B) Lateral scoliosis standing radiograph.

of the deep fascia. Skin and subcutaneous tissue are
undermined to allow improved retraction for trans-muscular
access. The tips of two adjacent spinous processes are exposed
and a robotic clamp is attached to the spinous process, and the
robotisattached to the clamp (Fig. 2).

A two-shot fluoroscopy registration is performed for the pre-
operative CT scan with the intraoperative position of the
patient. At each level, the following sequence is performed: (1)
the robotic arm is sent to the bony preparation burr trajectory,
(2) alarge knife is placed through the end-effector through the
muscle and down to the bone, (3) a cannula with a navigated
dilator is placed down to the bone, (4) the large navigated
acorn-tip burr (7.5 x 10 mm) is placed through the end-effector
and burrs down the bone that may impede accurate pedicle
screw placement (i.e. minimize skive potential), (5) the robotic
arm is sent to the pedicle screw trajectory, (6) a high-speed (3.0
x 30 mm) navigated burr/drill is placed through the end-
effector into the pedicle, (7) aball-tip probe is placed in the drill
hole to confirm intrapedicular position, and then (8) a screw is
placed through the end effector using a navigated screwdriver.
After all, screws are placed, motor evoked potentials are
obtained. Attention is then turned to the facetectomies. The
end effector is sent to the facetectomy trajectory, followed by
the placement of the large knife through the end effector down
to the bone, a cannula is placed down to the bone using a
navigated dilator, followed by the use of the acorn-tip burrin the
pre-planned trajectory for the facetectomy through the cannula.
Allograft bone graft mixed with vancomycin powder is then
placed down the cannula and packed into the facetectomy. After
the proximal levels are completed, the same process is carried
outattheintended distalanchorsites.

Following screw placement, MCGR are contoured and inserted
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submuscularly. Provisional fixation is performed distally with
set screws, and the rods are reduced into the proximal screws
bilaterally. Distraction is performed across the concavity of the
deformity followed by provisional set screw tightening.
Fluoroscopic images are obtained to confirm the appropriate
positioning of pedicle screws and deformity correction. All
incisions are then irrigated, the allograft is placed into the
transmuscularincisions and then closed in a standard fashion.

Case Report

The patient is a 7-year-old female with vertebral, anal, cardiac,
tracheoesophageal, renal, esophageal, and limb anomalies
syndrome, and a complex medical history, who presented with
progressive syndromic scoliosis. She was born through
spontaneous vaginal delivery at 40 weeks gestation and was
diagnosed at birth with imperforate anus, colonic atresia, and
malrotation, requiring immediate ileocecectomy and
ileostomy, followed by Ladd’s procedure at age two. Relevant
medical history includes low cortisol levels, ventriculomegaly,
cranial and ocular anomalies, and a leg length discrepancy of 3
cm (right > left). The patient demonstrated delayed gross motor
skills, beginning walking at the age of 3 years. However, she did
not develop cognitive delay and has been attending age-
appropriate school as of October 2023. Her adrenal
insufficiency resolved spontaneously.

The patient was diagnosed with syndromic scoliosis of the
thoracolumbar spine at 11 months old based on clinical
examination and plain radiographs; magnetic resonance
imaging demonstrated no intraspinal abnormalities. At age
three, a Thoracolumbar Sacral Orthosis (TLSO) brace (Boston
Orthotics and Prosthetics) was recommended for her 36°
curve, with a minimum of 18 h of wear per day recommended.
She had difficulty wearing her brace due to her colostomy and
stopped wearing her brace consistently at age four, at which
point she was lost to follow-up until age six. By 6 years old, her
curve increased to S1° She was recommended again for a new
TLSO brace but did not wear it. By age 7, the curve had
progressed to 71° and the insertion of growing rods was
recommended as surgical treatment (Fig. 3).

The patient underwent posterior spinal fusion of T3-T4 and L3-
L4 with MCGR placement using the above surgical technique
with robotic-assisted navigation. The procedure was tolerated

well with no complications. On immediate prone post-
operative radiographs, her major curve improved from 71° to
21°. Her first-erect radiograph before discharge demonstrated
the major curve decreasing from 71 to 15° (Fig. 4). Her post-
operative course was uncomplicated and she was discharged
home on post-operative day 4, with pain controlled on
acetaminophen and ibuprofen. Her first lengthening was
performed in the office at 3-month postoperatively, which she
tolerated well. She planned for lengthening at 3-month
intervals.

Discussion

Growing rods are often utilized in the treatment of EOS due to
their ability to correct scoliotic curves while allowing growth of
the spine. Furthermore, patients with idiopathic scoliosis have
been identified to have asymmetrical intervertebral deformities
in multiple planes, with varying pedicle widths on the concave
and convex sides of the curve [9-16]. The three-dimensional
asymmetry of pedicles can increase the challenges of pedicle
screw insertion in small and/or dysplastic pedicles, as well as
placing vital structures such as the spinal cord and aorta at risk
[9,15,16]. Robotic-assisted navigation has been shown to
facilitate more accurate and precise pedicle screwinsertion both
invivoandin cadavermodels [17-22].

We present a novel technique for minimally invasive pedicle
screw placement in the setting of growing rods that minimizes
exposure and allows for trans-muscular pedicle screw
placement and facetectomies. The utilization of robotic
navigation facilitates less invasive and accurate pedicle screw
insertion as well aslessinvasive facetectomy.

Conclusion

Our example case illustrates the success of this procedure with
minimal acute post-operative complications. We recommend
utilizing robotic navigation to decrease the invasiveness of the
procedure while allowing for highly accurate placement of
pedicle screws.

Clinical Message

Robotic-assisted navigation can be used for the safe placement of
pedicle screwsin EOS.
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