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Abstract
Purpose In order to avoid pedicle screw misplacement in posterior spinal deformity surgery, patient specific 3D‑printed 
guides can be used. An accuracy assessment of pedicle screw insertion can be obtained by superimposing CT‑scan images 
from a preoperative plan over those of the postoperative result. The aim of this study is to report on the accuracy of drill 
guide assisted pedicle screw placement in thoracolumbar spinal deformity surgery by means of a superimpose CT‑analysis.
Methods Concomitant with the clinical introduction of a new technique for drill guide assisted pedicle screw placement, 
the accuracy of pedicle screw insertion was analyzed in the first patients treated with this technique by using superimpose 
CT‑analysis. Deviation from the planned ideal intrapedicular screw trajectory was classified according to the Gertzbein scale.
Results Superimpose CT‑analysis of 99 pedicle screws in 5 patients was performed. The mean linear deviation was 0.92 mm, 
the mean angular deviation was 2.92° with respect to the preoperatively planned pedicle screw trajectories. According to the 
Gertzbein scale, 100% of screws were found to be positioned within the “safe zone”.
Conclusion The evaluated patient specific 3D‑printed guide technology was demonstrated to constitute a safe and accurate 
tool for precise pedicle screw insertion in spinal deformity surgeries. Superimpose CT‑analysis showed a 100% accuracy of 
pedicle screw placement without any violation of the pedicle wall or other relevant structures. We recommend a superim‑
pose CT‑analysis for the first consecutive patients when introducing new technologies into daily clinical practice, such as 
intraoperative imaging, navigation or robotics.
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Introduction

In spinal deformity surgery, the insertion of pedicle screws 
into the thoracic and lumbar vertebral bodies still makes 
for a challenging and technically demanding procedure [1]. 
Accurate pedicle screw insertion is of the utmost importance 

in order to prevent complications associated with pedicle 
screw misplacement.

Major structures that can be affected by pedicle screw 
misplacement include neuronal structures such as the spinal 
cord, major vessels such as the aorta or azygos vein, but also 
the trachea and pleurae, causing potentially life‑threatening 
situations [2–4]. In freehand thoracolumbar pedicle screw 
placement using anatomical landmarks and intraoperative 
2D fluoroscopy, pedicle screw misplacement is reported to 
be as high as 10–30% according to postoperative CT imag‑
ing [4, 5]. Consequently, there is a need for more accurate 
pedicle screw placement.

Many different intraoperative technologies to enhance 
pedicle screw insertion accuracy are currently available 
including imaging, navigation and robotics [6–9]. All of 
these innovative supporting technologies have been reported 
to demonstrate a high rate of accuracy for pedicle screw 
placement [6]. However, these options are also associated 
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with various disadvantages including significant costs, extra 
time in surgery and additional radiation loads both for the 
patient as well as the surgical team. For intraoperative com‑
puter assisted navigation techniques, both a C‑arm or CT‑
scan and connected navigation system are required. These 
are reported to come at significant hospital costs for installa‑
tion, intraoperative use as well as maintenance [10]. In addi‑
tion, these fluoroscopy or CT‑scan‑based navigation systems 
expose the patient and surgical team to high radiation loads, 
which in turn increases the risk of developing associated 
cancers in long‑term follow‑up, both for the patient as well 
as the orthopedic surgeon [11–14].

More recently, the intraoperative use of patient specific 
3D‑printed guides for each vertebra to be instrumented has 
been reported to have a favorable effect on the accuracy 
of pedicle screw insertion [15–19]. For each instrumented 
vertebra, a 3D‑printed guide is produced based on a preop‑
erative protocolled low‑dose CT‑scan of the patient’s spine. 
This technique, combined with digital preoperative surgical 
planning, has been proven to provide simple and accurate 
pedicle screw insertion planning both without the use of 
intraoperative C‑arm fluoroscopy or CT guidance [15–19] 
and at significantly lower hospital costs. At the same time, 
when considering this as a new method to be adopted in 
clinical practice, a prospective risk analysis of potential 
adverse events is advisable. Our Hospital Quality and Risk 
& Safety Department recommended to perform a postopera‑
tive assessment of pedicle screw placement accuracy for the 
first patients to be treated with the guidance this technique 
provides. Pedicle screw insertion accuracy assessment of the 
screws placed using this innovative method in spinal deform‑
ity surgery can be carried out by superimposing the CT‑scan 
images used for preoperative planning over the postoperative 
CT‑scan images of the inserted pedicle screws.

In this case series, we present the results of an accuracy 
assessment of pedicle screw insertion in thoracolumbar 
spinal deformity surgery, as assisted by patient specific 
3D‑printed guides, using superimpose CT‑analysis of the 
first patients treated using this method in our institution.

Methods

Patient population and preoperative planning

We retrospectively evaluated the accuracy of pedicle screw 
insertion from prospectively collected patients. All patients, 
or their parents when under 18 years of age, gave us their 
written informed consent. The assessment of the accuracy of 
pedicle insertion was conducted for the first patients planned 
for spinal deformity surgery and treated by posterior spinal 
instrumentation of pedicle screws using 3D‑printed patient 

specific guides in our institution from February 19th, 2020 
to September 23rd, 2020.

For each case, a preoperative low‑dose CT‑scan of the 
patient’s spine (slice thickness 0.6 mm) was made and trans‑
formed into 3D reconstructions of each individual vertebra 
as well as the overall deformity. All scans were made using 
a 3rd generation dual‑source CT‑scanner (Somatom Force, 
Siemens Healthineers, Erlangen, Germany) at a tube poten‑
tial of 100 kVp. For the first case, image acquisition was 
performed in accordance with the low‑dose MySpine® CT‑
scan protocol. This CT‑scan protocol was developed further 
by the Radiology Department in our institution, resulting in 
an ultra‑low dose (ULD) CT‑scan protocol that was used for 
all ensuing patients. This adapted protocol was achieved by 
adding a built‑in SPS (Selective Photon Shield) filter (Sn) 
in order to reduce the radiation dosage even further. All 
CT‑scans were checked for appropriate quality. The result‑
ing scans were encrypted and forwarded to the MySpine® 
Reconstruction & Design Team (Medacta International SA, 
Switzerland). This team, using MySpine® proprietary com‑
putational software, would render the imagery into a 3D 
reconstruction of the patient’s spinal deformity, including 
segmentation into each involved individual vertebra, prior 
to proposing a digital preoperative planning of pedicle screw 
entry points and ideal intrapedicular screw trajectories for 
each vertebral segment to be instrumented. After a required 
planning check, planning corrections as deemed fit and 
final validation—all by the appointed spine surgeon within 
an online web‑based platform—the preoperative planning 
was finalized and automatically submitted for production of 
3D‑printed patient matching models and guides to be used 
prior to and during surgery. A 1:1 3D model of the total spi‑
nal deformity, 3D pilot hole drill guides and guide docking 
probes of each individual segment to be instrumented were 
printed (Fig. 1). These were subsequently forwarded to the 
hospital for final approval, surgical preparation and patient 
education. They were then autoclaved in the institution and 
presented for use during surgery, together with relevant 
instrument sets and sterile implants (MUST Pedicle Screw 
System, Medacta International SA, Switzerland). Guides and 
planned implants were grouped per individual segment so 
as to ease surgical flow.

Surgical technique

The standard protocol for spinal deformity surgery was 
used in all cases, including perioperative antibiotic prophy‑
laxis, prone positioning on a spinal traction table and both 
intraoperative MEP (Motor Evoked Potential) and SSEP 
(Somatosensory Evoked Potential) monitoring. The high 
thoracic, thoracic and lumbar vertebrae to be instrumented 
were exposed using a posterior longitudinal midline inci‑
sion. The anatomical landmarks of the spinous processes, 
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laminae and facet joints were carefully prepared to ensure 
proper subsequent docking of the guides. Following ana‑
tomical identification of the mammillary process of T12 and 
the 12th rib, the 12th thoracic vertebral body was marked 
and confirmed by single shot PA and lateral 2D fluoroscopy 
image. With T12 as the starting point, the surgeon counted 
toward and identified the most cranial segment planned for 
pedicle screw instrumentation. Screw insertion was always 
started cranially in order to prevent subsequent potential 
interference from a caudally positioned screw with the next 
cranially positioned 3D guide. After meticulously checking 
the correct match between the patient, the guide and the 
segment to be addressed, the guide is carefully placed onto 
the posterior bony anatomy of the laminae. Correct dock‑
ing of the proper 3D guides at the proper docking points as 
identified during preoperative planning was established by 
testing its stability. When in doubt, the guides were tested 
on the 1:1 model for reference. Once correctly in place, the 
intended pedicle screw entry point on the laminar cortex was 
prepared using a 2.7 mm high‑speed burr through the first of 
the two 2.7–mm‑pilot holes in the 3D‑printed bilateral drill 
guide. This was done in order to prevent skiving of the sub‑
sequently used 2.7‑mm‑drill bit with attached 30 mm posi‑
tive stop, used to advance through the pilot hole in order to 
prepare the planned intrapedicular screw trajectory as deter‑
mined by the relevant drill guide. A pedicle feeler was used 
to check for integrity of the pedicle walls and the cortex of 
the vertebral body, and a 2.7 mm temporary fixation pin was 
left in place through the guide in the first pilot hole before 
preparation of the contralateral screw trajectory was per‑
formed in identical fashion. After identical preparation and 
check of the second pilot hole and screw trajectory, bilateral 
calibrated blunt guide wires were placed. The 3D‑printed 
guide was subsequently removed, making sure the wires 
were not displaced. The planned polyaxial, enhanced and 
cannulated pedicle screws (MUST PSS, Medacta Interna‑
tional SA, Switzerland) were then implanted over the guide 
wires. All surgeries were performed by the same senior spine 
surgeon and fellow spine surgeon. No additional intraopera‑
tive 2D C‑arm imagery was used, either for intraoperative 

screw placement or intraoperative and postoperative check‑
ing of ensuing screw positions.

Postoperative evaluation of the screw position 
by superimpose analysis

Postoperative evaluation of the pedicle screw entry point and 
screw trajectory was performed by superimpose analysis of 
the preoperative Low‑Dose and ULD CT‑scan images over 
a postoperative CT‑scan using Solidworks® 2016 software. 
Any deviations of planned pedicle screw entry points and 
screw trajectories were assessed by comparing the planned 
screw positions with the actual screw positions using the 
preoperative and postoperative CT‑scans. Accuracy was 
defined as the horizontal, vertical and depth deviation 
between the planned and postoperative screw entry point 
(in millimeters) and the sagittal and transversal deviation (in 
degrees of angulation). Additionally, the MySpine® propri‑
etary software was used to visualize both the preoperatively 
planned positions and the actually achieved positions of the 
pedicle screws (Fig. 2).

Postoperative screw positioning in the pedicle

Pedicle screw accuracy was classified according to the Ger‑
tzbein scale [20] into four respective categories: grade 0 
(screw completely in the pedicle), grade A (violation of the 
wall of the pedicle of less than 2 mm), grade B (violation of 
2–4 mm), grade C (violation of more than 4 mm). Screws 
classified as grade 0 or A were considered to be within the 
“safe zone” and thus correctly positioned, while grade B or 
C screws were considered to be mispositioned. The screws 
assessed “OUT” in accordance with the preoperative plan‑
ning’s intent, were not considered in the analysis.

Statistical analysis

For continuous data, the mean ± standard deviation (SD) 
and range are given. IBM SPSS Statistics 26 (IBM Corp., 
Armonk NY) was used for statistical analysis.

Fig. 1  An example of a 3D 
printed vertebra and a match‑
ing patient specific 3D‑printed 
guide
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Results

Patient characteristics

The first five patients (two male and three female) who 
underwent posterior spinal deformity correction surgery 
using MySpine® 3D‑printed patient specific guides in 
our spine unit were analyzed. The mean patient age was 
18.2 ± 5.4 (13–27) years. Two of those patients were treated 
for idiopathic scoliosis, two patients for syndromic/neuro‑
muscular scoliosis, and one patient suffered from severe 
Scheuermann kyphosis. A total of 124 pedicle screws were 
planned, and 99 pedicle screws were inserted using the 

patient specific 3D‑printed guides. For 8 of those pedicle 
screws, the preoperative planning noted an absence of ade‑
quate pedicles on the low‑dose CT reconstruction, and these 
screws were therefore discarded (Figs. 3 and 4). In addition, 
the surgeon intraoperatively decided to not insert 17 con‑
tralateral pedicle screws in these five patients, despite those 
screws having been planned. Thus, a total of 79 (80%) tho‑
racic screws were placed, as well as 20 (20%) lumbar screws. 
In most patients (except for the third), cranial ‘topping‑off’ 
laminar hooks were placed so as to minimize the risk of 
proximal junctional kyphosis. None of the guided screws 
had to be inserted or replaced by freehand technique follow‑
ing iatrogenic damage to any of the defined docking points 

Fig. 2  Visualization of the 
superimposition analysis of T6 
and T7 in case 4

T06
Top View Bo�om View

Sagi�al View –  Le� Screw Sagi�al View – Right Screw

T07
Top View Bo�om View

Sagi�al View – Le� Screw Sagi�al View – Right Screw
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Fig. 3  The preoperative plan‑
ning of bilateral pedicle screws 
in T4 in case 5. There is a small 
and flat pedicle on the right 
hand side on the low‑dose CT 
reconstruction, and this screw 
was therefore discarded

Fig. 4  Preoperative and postop‑
erative PA and lateral radio‑
graphs of case 5
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on the instrumented vertebrae during dissection, resulting 
in inadequate or unstable positioning of the appropriate 
3D‑printed guide. There were no postoperative complica‑
tions or surgical site infections. The patient characteristics 
are presented in Table 1.

Postoperative evaluation of screw position

A total of 99 pedicle screws were inserted using 3D‑printed 
patient specific guides. Most of the analyzed screws (80%) 
were placed in the high‑thoracic and thoracic spine, and 
100% of all screws were positioned within the safe zone, 
no more than 2‑mm‑outside of the pedicle. None of the 
screws perforated the cortex of the vertebral body. As men‑
tioned before, none of the screws which were preoperatively 
planned to be partially OUT, were included in this analysis. 
The mean deviations between the planned pedicle screw 
entry point, depth and angular deviation of the placed pedi‑
cle screws evaluated by superimpose CT‑analysis are given 

in Table 2: the mean vertical and horizontal deviation at 
the entry point were 1.03 ± 0.0.84 (range 0.02–3.82) mm 
and 0.81 ± 0.96 95 (range 0.02–5.84) mm, respectively. The 
mean deviation in pedicle screw depth was 1.66 65 ± 1.25 
24 (range 0.03–6.92) mm, and the mean deviation in sagittal 
and axial angle was 3.28 33 ± 2.72° 71° (range 0.11–13.68) 
and 2.5650. ± 0.2.77° 76° (range 0–14.76).

Discussion

Postoperative CT‑analysis of pedicle screw insertion with 
3D‑printed guides in spinal deformity surgery showed a 
100% accuracy of screw placement within the “safe zone” 
without any violation of the pedicle wall or other struc‑
tures. Most inserted screws (80%) were placed in the high‑
thoracic and thoracic spine, and all analyzed thoracic and 
lumbar screws were positioned precisely within the pedicle. 
Superimpose CT‑analysis demonstrated minimal deviations 

Table 1  Patient characteristics. Radiation load of the preoperative Low‑dose CT‑scan measured for each patient in DLP (dose‑length‑product in 
mGycm) and converted to the effective dose in mSv according to Deak [22]

Patient 1 2 3 4 5
Age (y) 13 15 17 19 27
Gender Female Male Female Male Female
Diagnosis Idiopathic sco‑

liosis (Lenke 
6C)

Syndromic/
Neuromuscular 
scoliosis

Syndromic/
Neuromuscular 
scoliosis

Scheuermann kyphosis Idiopathic 
scoliosis 
(Lenke 2B)

Planned instrumented vertebrae and screws 
(n)

T4‑L4 (26) T3‑L3 (28) T2‑L1 (24) T4‑L1 (20) T1‑L1 (26)

Number of placed pedicle screws (n) 21 20 20 18 20
Number of thoracic pedicle screws (n) 13 14 18 16 18
Number of lumbar pedicle screws (n) 8 6 2 2 2
Radiation exposure in DLP (mGycm) 123 44 18 41 54
CT‑scan length (cm) 26.6 54.3 42.9 69.5 64.3
Radiation exposure effective dose (mSv) 2.21 0.74 0.26 0.53 0.70

Table 2  The mean deviation between the planned pedicle screw entry point, pedicle screw depth and angular deviation of the placed pedicle 
screws of the 5 patients evaluated by superimpose CT‑analysis

1 2 3 4 5 Mean

∆Vertical deviation (mm) @entry point Mean (SD) 0.69 (0.38) 1.86 (1.04) 0.86 (0.74) 0.78 (0.61) 0.79 (0.68) 1.03 (0.84)
Range 0.02–1.27 0.09–3.82 0.04–2.41 0.04–1.84 0.08–2.43 0.02–3.82

∆Horiziontal deviation (mm) @entry point Mean (SD) 0.72 (0.62) 1.85 (1.44) 0.63 (0.64) 0.33 (0.25) 0.42 (0.41) 0.81 (0.95)
Range 0.03–2.42 0.14–5.84) 0.04–2.09 0.02–0.90 0.05–1.70 0.02–5.84

∆Depth (mm) Mean (SD) 1.68 (1.53) 1.82 (1.61) 1.54 (1.35) 1.50 (0.79) 1.76 (0.74) 1.65 (1.24)
Range 0.11–5.34 0.15–6.92 0.03–4.82 0.47–3.80 0.17–2.99 0.03–6.92

∆Sagittal angle (°) Mean (SD) 2.35 (1.31) 6.31 (3.84) 2.44 (1.49) 2.95 (1.69) 2.47 (2.31) 3.33 (2.71)
Range 0.66–4.31 0.89–13.68 0.11–5.66 0.41–5.86 0.26–9.86 0.11–13.68

∆Transversal angle (°) Mean (SD) 2.00 (1.33) 3.64 (4.28) 2.45 (2.90) 1.83 (1.52) 1.48 (1.33) 2.50 (2.76)
Range 0.44–5.16 0.30–14.76 0.00–11.43 0.12–4.83 0.08–5.35 0.00–14.76
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between planned and achieved pedicle screw positioning, 
at < 0.92 mm and < 2.91°, respectively, for linear and angu‑
lar deviation. The achieved accuracy of pedicle screw entry 
point and intrapedicular screw trajectory fell well within the 
defined tolerances set for acceptance (< 1.5 mm for linear 
deviation and < 5° for angular deviation). Most of the devia‑
tions were seen both at the insertion point and final position‑
ing of the screw head and at the distal tip of the screw; not 
within the pedicle itself. The screw positions were possibly 
slightly altered during maneuvers associated with deformity 
correction [21]. Nevertheless, the absence of any pedicle 
wall violations or perforation of any vertebral body corti‑
ces, clearly demonstrates the high level of accuracy obtained 
while adopting this technique in our clinical practice.

The use of intraoperative patient specific 3D‑printed 
guides for each instrumented vertebra in spinal deformity 
surgery renders the use of intraoperative 2D fluoroscopy for 
pedicle screw insertion superfluous. However, we still advise 
to intraoperatively check and identify the 12th thoracic ver‑
tebral body by a single PA and lateral 2D fluoroscopy image 
and to subsequently count toward and determine the most 
cranial vertebra to be instrumented, prior to starting pedi‑
cle screw preparation and insertion. The use of intraopera‑
tive patient specific 3D‑printed guides prevents the C‑arm 
from physically interfering with the surgical team during 
screw insertion. In addition, intraoperative radiation loads 
for both the patient and surgical team are minimized and 
in doing so the ALARA (as low as reasonably achievable) 
concept of radiation dosage is realized. On the other hand, a 
preoperative CT‑scan is necessary in all cases for planning 
purposes. The radiation load of this preoperative low‑dose 
CT‑scan, however, is generally very modest, depending on 
the number of vertebrae selected for instrumentation, overall 
scanning length, the age of the patient, body mass index 
and gender. In our series, the dose‑length‑product (DLP) 
for the low‑dose CT‑scan according to the MySpine® pro‑
tocol measured for the first case amounted to 123 mGycm. 
The mean DLP for the low‑dose CT‑scan according to the 
local ULD MySpine® protocol with an additional SPS filter 
(Sn), amounted to 39,25 mGycm (range 18–54) in the next 
4 patients (Table 1). The effective dose, calculated by using 
the conversion factor for DLP to effective dose, adapted for 
age and body part and according to the new International 
Commission on Radiological Protection (ICRP) recommen‑
dations [22], was 2.21 mSv in the first patient. The mean 
effective dose for the next 4 patients amounted to 0.56 mSv 
(range 0.26–0.74) (Table 1). In comparison, the mean effec‑
tive dose of a standard standing full spine PA and lateral 
radiograph is 0.7 mSv [14].

Of the planned 124 screws, a total of 8 screws could not 
be inserted because of the flat anatomy of the pedicles, as 
revealed on the low‑dose CT‑scan (Fig. 3). In our experi‑
ence, we found that the 3D digital preoperative planning 

helps the surgeon to recognize these occasionally flat pedi‑
cles, often located at the concave side of the thoracic curva‑
ture, and thereby helps preventing accidental neurological 
complications potentially caused by screw insertion attempts 
into these altered pedicles. In a total number of 17 instances, 
the surgeon intraoperatively decided not to insert a contralat‑
eral screw so as to both avoid a 100% screw density as well 
as facilitate posterior spinal fusion.

Correct docking of the 3D guide requires meticulous 
preparation of the bony anatomy including the spinous 
process. However, removing the interspinous ligament at 
the most proximal instrumented thoracic vertebra possi‑
bly increases the risk of postoperative proximal junctional 
kyphosis. In order to prevent future proximal junctional 
kyphosis in thoracolumbar spinal deformity surgery, we 
advise adding proximal ‘topping‑off’ laminar hooks into 
the instrumentation.

Before introducing this new patient matching technique 
for pedicle screw insertion in spinal deformity surgery with 
intraoperative patient specific 3D‑printed guides into our 
clinical practice, a prospective risk analysis was performed, 
according to the Bow‑Tie model [23]. This was done in order 
to identify existing and missing barriers for potential critical 
events. The analysis was carried out by a multidisciplinary 
team, consisting of two orthopedic surgeons, the unit head 
of the OR department, a scrub nurse, a representative of the 
central sterilization department, a representative of the radi‑
ology department, an independent neurosurgeon and a repre‑
sentative of the company providing us with the technology 
and hardware. The analysis was supervised by 2 senior advi‑
sors of the Hospital Quality and Risk & Safety department. 
The analyzing team defined the potential critical events in a 
brainstorming session on how to avoid the patients suffering 
from any potential adverse event associated with the clini‑
cal adoption of a new surgical technique. Subsequently, the 
risk factors and the current and required barriers in the pre, 
per‑ and postoperative process were identified. Based on the 
reported outcome of this meeting, an implementation plan 
with defined responsibilities and associated timelines was 
developed. In total, 18 potential adverse events were identi‑
fied, analyzed and addressed in this plan. In addition, some 
critical features regarding the intended use of 3D‑printed 
patient specific guides in spinal deformity cases were recog‑
nized. First of all, at the time of preforming this prospective 
risk analysis, it routinely took the supplying company two to 
three weeks to have all components of the technology avail‑
able for elective surgery. This technique, therefore, is not 
suitable for use in acute procedures such as trauma or oncol‑
ogy cases. Spinal deformity surgeries however, are planned 
well in advance, which makes the use of 3D‑printed patient 
specific guides a viable option for this type of surgery. 
Secondly, since confidential patient information is, albeit 
encrypted, shared digitally with the team from MySpine®, 



3223European Spine Journal (2021) 30:3216–3224 

1 3

provisions and requirements related to processing and saving 
of patient’s data according to the General Data Protection 
Regulation (GDPR) should be taken into account. Finally, 
screw misplacement was considered to constitute a signifi‑
cant potential adverse event to be measured and evaluated. 
It was therefore recommended to include a postoperative 
assessment of screw insertion accuracy in the first 5 patients 
as part of the implementation plan. This recommendation 
served as the basis for the current report.

We acknowledge several limitations to this study. Firstly, 
this was a single‑center study involving five consecutive 
patients. For a more reliable superimpose CT‑analysis of 
pedicle screw insertion accuracy using 3D‑printed patient 
specific guides for spinal deformity surgeries, a larger 
number of evaluated patients and pedicle screws would be 
needed. We did, however, demonstrate a high accuracy of 
pedicle screw insertion in the first 5 patients we treated with 
the help of this technology, while routinely planned post‑
operative CT‑scan imaging for such an assessment would 
significantly increase the cumulative radiation loads of these 
patients. Secondly, these five consecutive patients were all 
operated on by a single surgical team. This might have had 
an effect on the results based on the nature of its learning 
curve. Thirdly, we did not report on clinical patient out‑
comes such as fixation failure, quality of life assessments or 
fusion rates, which would have emanated from a long‑term 
follow‑up. These should also be evaluated in future studies.

Conclusion

In this case series, pedicle screw insertion aided by patient 
matching technology and patient specific 3D‑printed guides 
in the surgical correction of spinal deformities showed a 
100% accuracy of screw placement without any violations 
of the pedicle wall or other important structures and a tra‑
jectory accuracy with mean linear and angular deviations 
of < 0.92 mm and < 2.91°, respectively. Superimpose CT‑
analysis appears to be a useful method to analyse and visual‑
ize the accuracy of pedicle screw insertion when adopting 
the abovementioned technology in daily clinical practice. 
We recommend this method of analysis as a quality control 
for the first consecutive patients during the implementation 
of any new intraoperative imaging, navigation or robotics 
technology introduced into daily clinical practice.
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