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Study Design: Case-control study.
Purpose: To evaluate the accuracy of three-dimensional (3D) printed patient-specific templates (PSTs) for placement of pedicle 
screws (PAs) in patients undergoing revision surgeries for complex kyphoscoliosis deformity with sublaminar wires in situ.
Overview of Literature: Revision kyphoscoliosis correction surgery in pediatric patients is a challenging task for the treating sur-
geon. In patients with sublaminar wires in situ, the native anatomical landmarks are obscured, thus making the freehand screw place-
ment technique a highly specialized task. Hence, the concept of using PSTs for insertion of PAs in such surgeries is always intriguing 
and attractive.
Methods: Five consecutive patients undergoing revision deformity correction with sublaminar wires in situ were included in this 
study. Patients were divided in two groups based on the technique of PA insertion. A total of 91 PAs were inserted using either a free-
hand technique (group A) or 3D printed templates (group B) (34 vs. 57). The placement of PAs was classified according to a postopera-
tive computed tomography scan using Neo’s classification. Perforation beyond class 2 (>2 mm) was termed as a misplaced screw. The 
average time required for the insertion of screws was also noted.
Results: Mean age, surgical time, and blood loss were recorded. The change in mean Cobb’s angle in both groups was also recorded. 
The difference in rates of misplaced screws was noted in group A and group B (36.21% vs. 2.56%); however, the mean number of 
misplaced PAs per patient in group A and group B was statistically insignificant (6.5±3.54 vs. 4.67±1.53, p=0.4641). The mean time 
required to insert a single PA was also statistically insignificant (120±28.28 vs. 90±30 seconds, p=0.3456).
Conclusions: Although 3D printed PSTs help to avoid the misplacement of PAs in revision deformity correction surgeries with sub-
laminar wires in situ, the mean number of misplaced screws per patient using this technique was found to be statistically insignifi-
cant when compared with the freehand technique in this study.
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Introduction

Deformity correction surgery is regularly performed in 
pediatric patients, and the outcomes following these sur-
geries are beneficial in terms of clinical and functional 
outcomes [1-3]. However, the required revision deformity 
surgery is challenging for the patient and for the treating 
physician. Moreover, these surgeries are associated with 
complications such as wound-healing issues, respiratory 
complications, pseudo-arthrosis, and instrumentation 
failure [4-6]. Surgical challenges include poorly developed 
or ill-defined bony landmarks, a lack of advanced instru-
ments and implants, and the patient’s low medical capabil-
ity to cope with prolonged surgeries [7]. Implant-related 
complications often need revision surgery, which is tech-
nically demanding and requires a high level of expertise. 
The incidence rate of revision spinal surgery in pediatric 
patients is 7.5% to 12.5% [8].

The rate of complications in revision spinal fusion in 
pediatric patients is higher than in primary spinal fusion 
(16.7% versus 8.6%) [9]. Most of these complications are 
implant-related (5.3%) and are often concerned with the 
malposition of screws because of the distortion of the na-
tive anatomical landmarks for pedicle screw insertion [9]. 
Thus, the concept of using patient-specific and vertebra-
specific templates for the insertion of pedicle screws in re-
vision deformity correction surgeries is always intriguing 
and attractive. Recently, three-dimensional (3D) print-
ing technology has been widely used for manufacturing 
patient-specific templates, which has been found to be 
useful for complex spinal deformity surgeries with suc-
cessful outcomes [10,11]. Many companies in different 
parts of the world are commercially manufacturing these 
patient-specific pedicle screw templates (e.g., Firefly; 
Mighty Oak Medical, Englewood, CO, USA). However, 
their role in revision spinal surgeries, where they would 
be most supported, is not reported. Our study highlights 
the efficacy of 3D printed templates in revision pediatric 
kyphoscoliosis deformity surgery with previous stainless-
steel implants in situ.

Materials and Methods

This was a prospective study. Five consecutive patients 
(one male and four females) who had a previous spinal 
deformity correction using sublaminar wires and a stain-
less-steel spinal loop rectangle, and who subsequently 

underwent a revision surgery, were included in this study. 
All five patients underwent revision deformity correction 
using the pedicle screws and rod system. The etiology of 
the deformity was congenital in three of the patients, post-
tubercular in one patient, and idiopathic in one patient. 
The type of deformity was scoliosis in three patients, and 
kyphoscoliosis in the other two patients. In the first two 
patients, pedicle screws were inserted using the freehand 
technique (group A), and in the remaining three patients, 
pedicle screws were inserted using 3D printed templates 
(group B). Table 1 shows the epidemiological details of all 
patients. All patients had given their consent and institu-
tional review board approval had been given for this study 
(Lilavati Hospital and Research Center, Mumbai; IRB ap-
proval no., 08/19-3 [b2]).

1. Preoperative planning and making of templates

Preoperatively, all patients underwent plain standing ra-
diographs, spiral computed tomography (CT) scans of the 
spine with 3D reconstruction, and magnetic resonance 
imaging scans.

The software used to convert Digital Imaging and Com-
munications in Medicine (DICOM) images to 3D models 
was the Mimics Innovation Suite (Mimics Medical and 
3-Matic Medical 11; Materialise, Leuven, Belgium). The 
DICOM data of the patient’s CT scan was imported into 
Mimics Medical 19 (Materialise). On preliminary inspec-
tion, it was found to be important to separate the spine 
from the remnant implant. This was done by first seg-
menting the bone and implant using appropriate thresh-
old values. Furthermore, manual intervention in segmen-
tation was required to eliminate the artifacts caused by the 
presence of the stainless-steel implant. The implant and 
spine were then imported into 3-Matic Medical 11 (Ma-
terialise) and were used as base data on which to design 
pedicle-locating guides for each vertebra, using various 
computer-aided design tools available in the software. A 
team comprising a biomedical engineer and a surgeon dif-
ferentiated the metal artifacts and the bone defects so as 
to make templates that had the maximum potential bone 
contact surface. The final 3D printed model of the spine 
and the design of the templates are shown in Fig. 1.

2. Surgical procedure

Two senior spinal surgeons and the same surgical team 
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performed all the surgeries. All patients underwent a 
single-stage removal of the sublaminar wires and spinal 
rectangle and revision deformity correction using the 
standard titanium pedicle screws and rod system. Spinal 
exposure was achieved taking care to remove all soft tis-
sue and to preserve bone, such that the templates would 
fit snuggly.

The removal of the sublaminar wires/spinal loop rect-
angle was done carefully, so bony landmarks were not 
affected. The 3D printed templates were then used for 
inserting the pedicle screws in group B patients. Spinal 
cord monitoring was used in all patients during surgery. 
No patient had intraoperative signal changes, either mo-
tor evoked potentials or somatosensory evoked potentials, 
during surgery. No patient had neurological worsening 
postoperatively (Fig. 2). 

A

B

Fig. 1. (A) 3D printed biomodel of the spine and spinal rectangle loop with sub-
laminar wires. (B) 3D printed pedicle screw templates. 3D, three-dimensional.

Fig. 2. (A, B) Preoperative radiograph (AP and lateral) showing kyphoscoliosis deformity with broken implants (sublaminar wires and spi-
nal loop rectangle in situ). (C, D) Intraoperative images showing use of three-dimensional printed templates for pedicle screw insertion. (E, 
F) Postoperative radiograph (AP and lateral view). (G–I) Postoperative computed tomography scan showing pedicle screws. AP, anterior-
posterior.
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3. Postoperative course

Following surgery patients were mobilized out of bed 
depending on their pain tolerance. No brace support was 
used. The CT scans were performed in the postopera-
tive period at first follow-up (at 3 months) in all patients 
to study the placement of the pedicle screws. A screw 
was designated as a misplaced screw if it was found to be 
perforating the respective pedicle (a breach in either the 
superior, inferior, medial, or lateral cortex) beyond 2 mm 
as described by Neo et al. [12].

Results

The mean age of the patients in the study group was 
12.2±2.2 years. The mean surgical time was 238±57.62 
minutes. The mean blood loss was 610±277.04 mL. Of the 
total 91 pedicle screws, 34 pedicle screws were inserted 
using the freehand technique, and 57 pedicle screws were 
inserted using 3D printed templates. The mean preopera-
tive Cobb’s angle in group A was 54°±19.8°, while that 
in group B was 79.33°±13.61°. The mean postoperative 
Cobb’s angle in group A was 27°±4.4°, while that in group 
B was 31.33°±10.26°. The total number of misplaced ped-
icle screws in group A was 13, while that in group B was 
14 (Table 1). The rate of misplaced screws in group A was 
36.21%, while that in group B was 24.56% (Table 1). The 
mean number of misplaced pedicle screws per patient in 
group A was 6.5±3.54, while that in group B was 4.67±1.53; 
this was statistically insignificant (p=0.4641). The mean 
time required to insert a single pedicle screw in group A 
was 120±28.28 seconds, while that in group B was 90±30 
seconds; this was statistically insignificant (p=0.345) (Table 
2).

Discussion

Traditionally, pedicle screws are inserted in the lumbar 
spine using a freehand technique; however, pedicle screw 
insertion in the thoracic spine is more challenging due to 
the complex native anatomy [13,14]. Insertion of pedicle 
screws by this method is based on preoperative radiology, 
the intraoperative native bony anatomy, and the tactile 
feedback of the surgeon. Placement of pedicle screws 
in kyphoscoliosis correction surgery requires technical 
expertise owing to the vertebral rotation and associated 
congenital bony malformations. Rigid deformities are 
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often associated with anomalies of the thoracic spine 
pedicle [15]. The risk of injury to the spinal cord increases 
on the concave side of the deformity because the pedicles 
are thinner, sclerotic, and dysplastic and the spinal cord 
lies in direct contact with the medial wall of the concave 
pedicles. The rate of screw malposition in scoliosis surgery 
is reported as being 4.2% to 15% [16]. These problems are 
multiplied in the pediatric population due to difficulties 
in instrumentation, growth of the vertebral column, and 
lung development.

To address this problem, various techniques of safe ped-
icle screw placement have been described in the literature, 
including intraoperative fluoroscopy, computer-assisted 
navigation based on the preoperative CT scan, O-arm-
based navigation, robotic-assisted pedicle screw place-
ment, use of a PediGuard, and use of 3D printed templates 
[17-22].

Various authors have previously reported on use of 
navigation based on preoperative CT scans for safe place-
ment of pedicle screws in deformity correction of the 
spine [23,24]. The pedicle screw misplacement with this 
technique is reported as being between 1.8% and 11.4% 
[23,24]. In patients undergoing revision deformity cor-
rection with sublaminar wires and rectangle loop in situ, 
there are many metal artifacts causing differences in ana-
tomical relationships, as determined by the preoperative 
CT scan and intraoperative findings. Also, selecting start-
ing points for pedicle screw placement on 3D reconstruc-
tion of the preoperative CT scan is not possible in these 
patients.

O-arm-based navigation has an advantage over the pre-
vious technique as it provides an intraoperative CT scan 
of the patient for safe placement of the pedicle screws. 
The operating surgeon does not need to rely on the pre-
operative CT scan, which may be obscured with metal 
artifacts that make the bony landmarks difficult to iden-
tify. However, intraoperative CT scans are associated with 
increased radiation exposure, both to the surgical team 

and the patient [25]. Moreover, the cost of equipment and 
space occupied by the O-arm is relatively high when com-
pared with CT-based navigation. The rate of pedicle screw 
misplacement in scoliosis surgery using O-arm navigation 
has been reported to be approximately 3.1% [18].

Recently, many studies have reported the use of robot-
ics in spinal surgery for safe placement of pedicle screws 
[19,26,27]. However, their use in scoliosis surgery is 
scarcely described in the literature [19,27]. In adolescent 
idiopathic scoliosis, the rate of misplacement in pedicle 
screws with robotic-assisted placement has been reported 
to be 7.2% [19]. However, the use of robotics for place-
ment of pedicle screws cannot be universalized due to the 
cost constraints, especially in developing countries, and 
the complexity and time involved in registering the data 
and operating it, and an associated steep learning curve. 
Also, the space occupied by the robot in the operating 
room is a concern.

With the advancement in technology, the role of 3D 
printing in preoperative planning and execution of com-
plex spinal surgery has been increasingly explored in the 
last two decades [28]. Application of 3D printing (additive 
manufacturing) to manufacture the custom-made tem-
plates for insertion of the pedicle screws in complex spinal 
surgeries is well reported in the literature [29,30]. Using 
patient-specific data to create templates that can be used 
during surgery reduces the risk associated with misplaced 
pedicle screws. The 3D printed templates provide simple, 
convenient, low cost, and complex-equipment-free alter-
natives to increase the accuracy of pedicle screw place-
ment in complex spinal surgeries [29]. The advantages 
can also be realized for insertion of screws in patients 
undergoing revision surgery for deformity correction who 
have sublaminar wires and a stainless-steel rectangle loop 
in situ.

Takemoto et al. [31] evaluated the efficacy of placement 
of a thoracic pedicle screw using patient-specific tem-
plates made by 3D printing technology. Out of 40 patients, 

Table 2. Details of pedicle screws in both groups

Variable Group A Group B p-value

Average time required to insert 1 screw (sec)    120±28.28 90±30 0.3456a)

No. of misplaced screws 6.50±3.54 4.67±1.53 0.4641b)

No. of pedicle screws inserted   17±4.24    19±5.29 0.6889b)

Values are presented as mean±standard deviation.
a)Calculated using t-test. b)Calculated using chi-square test.
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36 had scoliosis as the primary indication of surgery. The 
authors reported a 98.4% success rate for placement of 
pedicle screws using the patient-specific templates in sco-
liosis surgery. However, none of the patients in the study 
group had revision deformity correction.

Liu et al. [32] compared the freehand technique of 
pedicle screw insertion with the technique utilizing the 
3D printed templates in ten patients who were undergo-
ing deformity correction surgery for severe rigid scoliosis. 
The success rate was 93.8% for pedicle screw placement 
using 3D printed drill guides, while it was 78.8% for 
pedicle screw insertion using the freehand technique. No 
screw-related complications were reported. However, in 
this study group, none of the patients were operated on 
previously for deformity correction.

The rate of misplaced pedicle screws in our study us-
ing the freehand technique was 36.21%, which was very 
similar to the rate described in previous studies. The rate 
of misplacement of pedicle screws using 3D printed tem-
plates in our study group was 24.56%. The higher rate 
of pedicle screw misplacement in the present study can 
be attributed to the metal artifacts/bone defects causing 
difficulty in making base plates for the 3D printed tem-
plates. This cohort poses special challenges for making 3D 
printed templates and requires a skilled biomedical engi-
neer and an experienced surgeon to manually segregate 
the metal artifacts and previous bone defects based on the 
preoperative CT scan and to make templates with maxi-
mum contact of the base plate with the remnant bone.

Our study had few limitations. It had a small sample 
size; however, this can be attributed to revision of sub-
laminar wires with pedicle screws being a rare scenario. 
We could not compare apical screws, or screws near pre-
vious bone defects, with relatively easier lumbar screws, 
or screws near virgin spine, due to the small sample size. 
We believe that 3D printed templates are a useful tool in 
the pediatric spinal deformity surgeon’s armory for safe 
pedicle screw placement in primary complex deformity 
surgeries. Its potential in revision deformity surgeries with 
previous stainless-steel implants in situ seems like a pos-
sible exciting advance.

Conclusions

Pedicle screw fixation in revision surgeries for complex 
pediatric kyphoscoliosis deformity (especially with sub-
laminar wires in situ) poses a substantial challenge for the 

operating surgeon. The rate of misplaced pedicle screws (in 
this subset of the population) in the present study with the 
freehand technique is clinically higher than that compared 
with use of 3D printed patient-specific pedicle screw 
templates; however, this was not statistically significant. 
This novel technique of using 3D printed pedicle screw 
templates has advantages in revision surgeries of complex 
pediatric kyphoscoliosis deformity. With further improve-
ment in manufacturing technology of these templates, the 
rate of pedicle screw misplacement will definitely reduce 
further in this particular subset of patients.
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