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Background: Compared to adult scoliosis, correcting scoliosis in children often presents greater challenges. This is attributed
to two key factors. Firstly, it involves accounting for the growth potential of children. Secondly, the thinner pedicles in children
can complicate screw insertion, particularly when dealing with existing deformities. The utilization of intraoperative navigation
technology offers a modest improvement in the precision of screw placement but does come with the drawback of increased
radiation exposure. The aim of this study is to investigate and assess the accuracy of manually inserting pedicle screws in the
thoracic and lumbar spine to rectify deformities in children with early-onset congenital scoliosis.

Methods: In this retrospective study, 26 hospitalized patients diagnosed with early-onset congenital scoliosis between December
2014 and December 2019 were selected. The cohort comprised 16 boys and 10 girls, aged between 2 and 10 years, with an average
age of 4.68 + 2.42 years. Pedicle screw fixation was applied in the segment spanning from T1 to L5. Pedicle screws were inserted
manually, guided by the positioning of the C-arm and anatomical markers. The assessment of pedicle screw placement was
based on the distance of penetration into the medial, lateral, or anterior bone cortex of the vertebral body, including the pedicle,
categorized into three grades: Grade 1 (placement <2 mm), Grade 2 (placement between 2—4 mm), and Grade 3 (placement
>4 mm). Grade 1 indicates accurate pedicle screw placement, while Grades 2 and 3 signify abnormal pedicle screw placement.
Complications related to pedicle screw insertion were also recorded, both during and after the surgical procedure.

Results: A total of 173 pedicle screws were inserted in this study, with an average of 6.65 screws per patient. Accurate screw
placement was achieved in 143 cases (82.7%), while 30 pedicle screws were found to be abnormal. Among the abnormal screws,
24 were categorized as Grade 2 (13.9%), and 6 as Grade 3 (3.5%). Grade 2 abnormalities were distributed across 20 thoracic
vertebrae and 4 lumbar vertebrae, while Grade 3 abnormalities affected 5 thoracic vertebrae and 1 lumbar vertebra. When
comparing the lumbar and thoracic vertebral regions, a significant difference in the rate of abnormal screw placement was
observed (x? =5.801, p < 0.05). The rate of abnormal screw placement was higher in the thoracic vertebral region with abnormal
vertebral bodies than in the lumbar vertebral regions. Furthermore, a statistically significant difference in the rate of abnormal
screw placement was found between the concave and convex sides (x> = 23.047, p < 0.05). The concave side of the abnormal
vertebral body had a higher rate of abnormal screw placement (55.6%, 15/27) compared to the convex side (20.1%, 7/34), and this
difference was statistically significant (p < 0.05). Throughout the intraoperative and postoperative follow-up period, spanning
from 12 to 56 months, only one patient experienced issues with wound healing, and no complications related to pedicle screw
placement occurred, such as hemopneumothorax, pedicle fracture, nerve root injury, aortic injury, screw loosening, pullout or
breakage, or spinal cord injury.

Conclusions: In children under 10 years of age with early-onset congenital scoliosis, the freehand placement of thoracic and
lumbar pedicle screws demonstrates a high level of accuracy. Moreover, complications associated with pedicle screw insertion
are infrequent following surgery. It is advisable to exercise caution when placing pedicle screws in thoracic vertebral bodies and
morphologically abnormal vertebral bodies, with particular attention to the concave side when screw placement is required in
these regions.
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Introduction

Congenital scoliosis arises from the asymmetric
growth of the spine due to abnormal vertebral development
during the fourth to sixth weeks of gestation. This condition
can be attributed to vertebral segmental disorders, forma-
tion disorders, or a combination of both [1]. The severity
of the associated spinal deformity varies depending on the
type and location of the affected vertebral bodies [2]. Early-
onset scoliosis (EOS) refers to spinal deformities occurring
before the age of 10 and is categorized into five types based
on their etiology: idiopathic, congenital, thoracogenic, neu-
romuscular, and syndromic [3,4]. Early-onset congenital
scoliosis specifically pertains to congenital scoliosis in indi-
viduals under the age of 10. Due to the presence of congen-
ital vertebral deformities and ongoing asymmetric spinal
growth, it can lead to severe consequences, including car-
diopulmonary injury and paraplegia [5]. In such cases, non-
surgical treatments often yield limited therapeutic effects.
Cast or brace treatment can serve as an option [6] for clin-
icians but typically only delays the age at which surgical
intervention becomes necessary.

Treatment approaches have evolved from the original
in situ fusion to early deformity correction. Pedicle screw
fixation plays a crucial role in providing stability to the an-
terior, central, and posterior columns of the spine, forming
the foundation for correcting three-dimensional spinal de-
formities. Achieving deformity correction and implement-
ing osteotomy procedures require robust internal fixation,
with pedicle screw placement being a particularly challeng-
ing task due to the essential requirement for accuracy [7].
Studies have indicated that inaccuracies in screw placement
can result in pedicle screw loosening [8]. Accuracy is not
solely limited to the final fixation but also extends to the
initial screw placement. Research has shown [9] that alter-
ing the orientation to achieve an optimal fixation position
can compromise biomechanical integrity, leading to a loss
of fixation strength of approximately 28%.

In children, the spine is in a continuous growth stage,
exhibiting distinct anatomical, physiological, and biome-
chanical characteristics [10]. Notably, the corresponding
vertebral pedicles are relatively smaller in comparison to
those of adults. In cases of vertebral deformities, the spa-
tial sequence of the vertebral bodies becomes disordered,
and anatomical landmarks are often blurred or even ab-
sent. These factors significantly augment the complexity
of screw placement. Aberrant screw placement can not
only result in a loss of fixation strength but also give rise
to complications such as spinal cord injury, peripheral or-
gan injury, or pedicle fractures [11,12]. While intraopera-
tive navigation technology is increasingly prevalent, its suc-
cess largely hinges on the operator’s extensive clinical ex-
perience [13]. Furthermore, the high associated economic
costs [14] can limit its widespread adoption to a certain
extent. As a result, free-hand screw placement proves to
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be more versatile and holds greater practical significance,
making it a suitable option for a broader range of settings.
The combination of the young age and incomplete skeletal
development in patients with early-onset congenital scolio-
sis, along with vertebral deformities, presents greater chal-
lenges in pedicle screw implantation compared to the adult
population. The aim of this study is to assess the accuracy
of thoracolumbar pedicle screw placement in children with
early-onset congenital scoliosis through Computerized To-
mography (CT) analysis, aiming to offer valuable clinical
insights into free-hand pedicle screw placement.

Material and Methods

General Information

In this study, a total of 26 patients were enrolled, com-
prising 16 boys and 10 girls, aged between 2 and 10 years,
with an average age of (4.68 £ 2.42) years. The preopera-
tive Cobb Angle ranged from 16.3 to 57.6 degrees, with an
average of (32.74 £ 8.62) degrees. Following the surgical
intervention, the postoperative Cobb Angle ranged from 1.2
to 21.2 degrees, with an average of (7.15 £ 5.09) degrees.

Inclusion and Exclusion Criteria

The inclusion criteria for this study encompassed the
following: (1) Age of 10 years or younger; (2) Diagnosis
of congenital scoliosis affecting the thoracic and/or lum-
bar spine; (3) Completion of preoperative and postoperative
CT examinations utilizing AQUILON PRIME TSX-302A
(Toshiba, Minato-ku, Tokyo, Japan) for all patients. The ex-
clusion criteria for this study comprised the following: (1)
Previous history of spinal surgery; (2) Performance of an-
terior spinal surgery; (3) Diagnosis of idiopathic scoliosis,
neuromuscular scoliosis, or syndromic scoliosis.

Procedure of Surgery
Preoperative Evaluation

To establish the fusion range, the preoperative antero-
posterior and lateral views of the entire spine, as well as
spinal CT scans, were employed. The transverse diameter
ofthe pedicle was assessed by measuring the inner diameter
of the pedicle isthmus on the image section that displayed
the widest slice of the pedicle, aligned parallel to the pedi-
cle’s longitudinal axis. A straight line was then drawn from
the midpoint of this transverse diameter to the anterior edge
of the vertebral body, bisecting the pedicle in the process.
This line served as the reference for selecting the length of
the pedicle screw. The dimensions of the pedicle screws
used (Fule, Posterior Spinal system, Beijing China) were
determined based on the preoperative CT evaluation results.
The screw length varied from 25 to 45 cm, and the diameter
ranged from 3.5 mm to 5.5 mm.
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Pedicle Screw Placement

Subperiosteal dissection was carried out to expose var-
ious anatomical structures, including the spinous process,
lamina, facet joint, and transverse process, using a poste-
rior median spinal approach. For the thoracic spine, the
entry point was determined at the intersection of a verti-
cal line drawn through the midpoint of the facet joint and
a horizontal line placed at the upper third of the transverse
process. In the case of the lumbar spine, the entry point was
selected at the intersection of a vertical line aligned with
the lateral facet joint border and a horizontal line through
the midpoint of the transverse process. At the chosen en-
try point, the cortical bone was removed using a rongeur
to expose the cancellous bone. Following positioning with
a 1.5 mm Kirschner wire, C-arm fluoroscopy was utilized
to confirm the entry point, with a 1.5 cm marker needle
used for marking. After verifying the direction of needle
insertion through C-arm fluoroscopy, a rigid probe was em-
ployed to establish the screw path along the cancellous bone
within the pedicle. Subsequently, a soft probe was used to
recheck the entry point and the passage through the pedicle.
The pedicle screw was then placed manually. The satisfac-
tory placement of the screw was confirmed through X-ray
fluoroscopy. In the case of patients with bone bridge and
costal deformities, the deformity’s location was determined
prior to pedicle screw placement. Subsequent to determin-
ing the deformity, resection of the bone bridge and costal
correction were performed. Throughout the procedure, so-
matosensory evoked potential (SEP) and motor evoked po-
tential (MEP) monitoring were maintained. For patients
with hemivertebra deformities, complete resection of the
hemivertebra was performed after the placement of pedicle
SCTeWs.

Postoperative Management

Following surgery, the children were required to wear
a brace for a period of 3 months. They underwent regular
follow-up appointments every 3—6 months, during which
full-length anteroposterior and lateral X-rays of the spine
were taken to assess the extent of scoliosis. In the event that
scoliosis was found to have worsened post-surgery, with an
increase of more than 10 degrees every 6 months, reopera-
tion was deemed necessary.

Indicators of Evaluation

Measurements were conducted twice on thin-section
CT scans by the same orthopedic surgeon using Imagel
(Version 1.53t, National Institute of Health, Bethesda, MD,
USA) software, and the results were averaged. The mea-
surement index focused on the distance from the point
where the pedicle screw penetrated the vertebral body (en-
compassing the pedicle) to the inner wall, outer wall, or an-
terior edge of the vertebral body (Fig. 1). This measurement
was categorized into three grades: Grade 1 (<2 mm), Grade
2 (24 mm), and Grade 3 (>4 mm) [15] (Fig. 1). Grade 1

screw placement was considered accurate, while any place-
ment falling outside of this classification was deemed ab-
normal.

Concurrently, any complications related to pedicle
screw placement, whether observed intraoperatively or
postoperatively, were meticulously recorded. The analysis
of the abnormal screw placement rate took into account fac-
tors such as the location of the screws (thoracic or lumbar
segment), convex or concave side, and the normal or abnor-
mal morphology of the vertebrae. Abnormal vertebral mor-
phology included congenital anomalies like butterfly verte-
brae, block vertebrae, and bone bridge junctions, while nor-
mal vertebral bodies exhibited no such irregularities. The
safety evaluation encompassed the identification of adverse
outcomes resulting from pedicle screw placement during or
after surgery. These outcomes included hemopneumotho-
rax, pedicle fracture, nerve root injury, aortic injury, screw
loosening, extraction, breakage, and spinal cord injury [16].

Statistical Analysis

The data analysis was conducted using SPSS 25.0
software (IBM SPSS Statistics, Chicago, IL, USA). Mea-
surement data that followed a normal distribution were ex-
pressed as mean + SD (standard deviation), while count
data were presented as cases and percentages. Group com-
parisons were performed using the x? test. Statistical sig-
nificance was defined as p < 0.05.

Results

This study included a total of 26 patients who were
hospitalized between December 2014 and December 2019,
with a minimum follow-up duration of 1 year. In total, 173
pedicle screws were inserted, averaging 6.65 screws per
patient (ranging from 4 to 11). Among these, 143 screws
(82.7%) were accurately placed, while 30 screws were con-
sidered abnormal, comprising 24 in Grade 2 (13.9%) and 6
in Grade 3 (3.5%). Specifically, 25 abnormal screws were
placed in the thoracic spine (14.5%), and 5 in the lumbar
spine (2.9%) (Table 1). The difference in abnormal screw
placement rates between the two spinal regions was statis-
tically significant (x? = 5.801, p < 0.05, Table 1).

Of the abnormal screw placements, 8 occurred in nor-
mal vertebral bodies, accounting for 4.6% of the total num-
ber of vertebral bodies and 71.4% of normal vertebral bod-
ies. In contrast, 22 abnormal screws were identified in ab-
normal vertebral bodies, making up 12.7% of the total ver-
tebral bodies and 36.7% of abnormal vertebral bodies. The
difference in abnormal screw placement rates between these
two categories was statistically significant (x? = 23.047, p
< 0.05, Table 2.

Furthermore, there was a statistically significant dif-
ference in the abnormal screw placement rate between ab-
normal vertebral bodies in the thoracic and lumbar spine
regions (x? = 4.448, p < 0.05), with the thoracic spine
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Fig. 1. Evaluation of the accuracy of pedicle screw placement using Computerized Tomography (CT) scans is illustrated here.
(A,B) In Grade 1, the pedicle screw breaks through the vertebral cortex <2 mm. (C) In Grade 2, the pedicle screw breaks through the
vertebral cortex 2 to 4 mm. (D) In Grade 3, the pedicle screw breaks through the vertebral cortex >4 mm. The arrows indicate the

corresponding grades.

exhibiting a higher rate (Table 3). Out of the 79 screws
placed on the concave side, 17 were abnormally positioned
(9.8%). On the convex side, where 81 screws were placed,
13 were abnormally positioned (7.5%). The difference in
abnormal screw placement rates between the two sides was
not statistically significant (x2 = 1.771, p > 0.05, Table 4).
However, a statistically significant difference was observed
in the abnormal screw placement rate between the con-
cave and convex sides (x? = 7.980, p < 0.05), with the
concave side displaying a higher abnormal placement rate
(55.6%, 15/27) compared to the convex side (20.1%, 7/34,
Table 5). Fortunately, no complications related to pedi-
cle screw placement occurred during or after the opera-
tion. Lower limb movement remained unaltered, and no
neurological or other complications associated with pedi-
cle screw placement were reported during the operation and
follow-up. Only one patient experienced poor wound heal-
ing, which resolved successfully following wound cleaning
and dressing changes. To provide a visual illustration of our
operation, refer to Fig. 2.

Discussion

With the continuous advancement of spinal surgery
technology, the utilization of pedicle screws in the treat-
ment of spinal deformities has become increasingly refined
and prevalent. This is particularly evident in the treatment
of scoliosis in children, where the application is on the rise,
and the age at which it is employed continues to decrease,
allowing for more effective treatment interventions. This
particular study [17] suggested that thoracic and/or lum-
bar pedicle screw fixation is a safe and effective approach
for addressing a variety of spinal conditions in children un-
der the age of 10. Moreover, research has demonstrated
that when vertebral deformities are present, the likelihood
of suboptimal screw placement is higher during free-hand
screw insertion compared to cases involving normal verte-
bral bodies [18]. Our findings align with the same conclu-
sion: the accuracy of screw placement was 104 out of 112
for normal vertebral bodies and 39 out of 61 for abnormal
vertebral bodies. Additionally, our study revealed that the
concave side of vertebral bodies with abnormal morphology
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Table 1. Comparison of screw placement accuracy between thoracic vertebra and lumbar vertebra.

Group n Accurate placement Abnormal placement
Thoracic vertebra 111 (64.2%) 86 (49.7%) 25 (14.5%)
Lumbar vertebra 62 (35.8%) 57 (32.9%) 5(2.9%)

Note: y2 =5.801, p < 0.05.

Table 2. Comparison of screw placement accuracy between normal and abnormal morphology vertebra.

Group n

Accurate placement  Abnormal placement

Normal vertebra 112 (64.7%)

Abnormal morphology vertebra 61 (35.5%)

104 (60.1%)
39 (22.5%)

8 (4.6%)
22 (12.7%)

Note: x2 =23.047, p < 0.05.

was more susceptible to misinsertion. Previous studies have
indicated that the extent of pedicle deformity is notably pro-
nounced on the concave side of idiopathic scoliosis [19]. In
other words, the pedicle on the concave side tends to be less
developed and smaller compared to the convex side [20].

Based on this reasoning, one might expect that the rate
of abnormal screw placement would be higher on the con-
cave side compared to the convex side, regardless of the
vertebral body’s normalcy. However, our study did not find
a statistically significant difference. Upon analysis, the pos-
sible reasons for this observation are as follows:

(1) The focus of our study is congenital scoliosis,
which may have distinct characteristics compared to ado-
lescent idiopathic scoliosis.

(2) The patients with congenital scoliosis in our study
were younger, and the degree of scoliosis may not have sig-
nificantly impacted the vertebral bodies at this stage of de-
velopment.

(3) The deformity in congenital scoliosis is typically
confined to the vertebral body with congenital malforma-
tion, and the hypoplasia of vertebral pedicles is generally
limited to the concave side of the vertebral body with abnor-
mal morphology. This limited involvement could explain
the lack of a statistically significant difference in screw
placement accuracy between the concave and convex sides
in our study.

It’s worth noting that previous research has revealed
that the epidural space between the spinal cord and the ver-
tebral body is typically less than Imm on the concave side
of scoliosis, while it ranges from 3 to 5 mm on the con-
vex side [21]. Simultaneously, the likelihood of abnormal
screw placement on the concave side of the abnormal ver-
tebral body is relatively high, leaving limited room for er-
ror. Therefore, it is imperative to adhere to the principle of
“better outside than inside” when inserting screws on the
concave side of the abnormal vertebral body to minimize
the risk of screw penetration into the spinal canal and the
potential for occult spinal cord injury.

The occurrence of abnormal screw placement depends
on the severity of the deformity and the surgical technique
employed by the surgeon. However, it’s worth noting that
the actual incidence of abnormal screw placement may be

higher, as many patients with such placements often re-
main asymptomatic and are challenging to identify [22].
In adults, pedicle screws generally have a relatively large
tolerance, and complications are infrequent. Nevertheless,
when complications do arise in both adults and children, the
consequences can be quite severe [23]. Additionally, due
to the significant growth potential in children, even though
numerous studies [24,25] have indicated that pedicle screw
fixation in children rarely leads to related complications or
clinical symptomes, it remains crucial to strive for the utmost
accuracy in screw placement. Asymptomatic screws can be
likened to a “ticking time bomb” for children, potentially
posing a threat down the line. Over time, as the spine grows
and the deformity progresses, there’s a risk of implant “dis-
placement”. The growth of the spine relative to the implant
may result in the implant protruding into the spinal canal or
causing damage to peripheral nerves. Instances have been
documented in the literature where patients developed clin-
ical symptoms, and pedicle screws were observed to be dis-
placed and repositioned during subsequent operations, oc-
curring 2 to 6 years after the initial surgery [26]. In an-
other study by Canavese et al. [27], a patient experienced
neurological symptoms due to the displacement of the fix-
ation rod into the spinal canal, which occurred 5 years after
the surgery. Given the substantial growth potential of chil-
dren, it is highly beneficial to assess the accuracy of pedicle
screw placement in pediatric spinal patients for safety rea-
sons. This research aims to offer valuable insights for clin-
ical practice by investigating the precision of pedicle screw
placement in the thoracic and lumbar spine of children with
early-onset (<10 years old) congenital scoliosis, particu-
larly when placed by hand.

A retrospective analysis of adult patients with scolio-
sis indicated that the accuracy rate of screw placement was
93.8% when assessed using CT evaluation [28]. In con-
trast, a case study involving pediatric scoliosis patients re-
vealed that the accuracy rate of pedicle screw placement
was 89.5% [29]. Research has also shown that [30] the
accuracy of free-hand screw placement is positively corre-
lated with the diameter of the pedicle screw. It is reason-
able to anticipate that pedicle screw insertion becomes pro-
gressively less challenging with increasing age. Age indeed
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Fig. 2. The above picture shows a 2-year-old boy with hemivertebra deformity at left TS, T7, right T12 and left L2, who underwent

hemivertebra resection and pedicle screw fixation for scoliosis correction. (A) The preoperative anteroposterior and lateral X-rays

of the whole spine; the preoperative thoracic curve was 26.1 degrees and the lumbar curve was 25.6 degrees. (B) The 3D image of the

spine CT. (C) The postoperative anteroposterior and lateral X-ray of the whole spine. The postoperative thoracic curve was 4.2 degrees

and the lumbar curve was 3.3 degrees. (D) The right thoracic 4 pedicle screw, which broke through the medial wall of the pedicle by 4

mm and was a Grade 2 screw placement.

plays a pivotal role in pedicle screw placement. Younger
patients tend to have less developed vertebral bodies and
smaller pedicles, which heightens the complexity of screw
placement and the risk of wall penetration. Additionally,

within the same individual, the lumbar pedicle is generally
wider than the thoracic pedicle, further reducing the dif-
ficulty of screw placement. Studies examining electrical
stimulation signals [31] have found that the thoracic pedi-
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Table 3. Comparison of screw placement accuracy between the normal vertebra and abnormal morphology vertebra with

thoracic/lumbar vertebra.

Normal vertebra
Group

Abnormal morphology vertebra

n Accurate placement  Abnormal placement n Accurate placement  Abnormal placement
Thoracic vertebra 70 (40.5%) 64 (37.0%) 6 (3.5%) 41 (23.7%) 22 (12.7%) 19 (11.0%)
Lumbar vertebra 42 (24.3%) 40 (23.1%) 2 (1.2%) 20 (11.6%) 17 (9.8%) 3 (1.7%)

Note: normal vertebra, x2 = 0.144, p > 0.05; abnormal vertebra, x2 = 4.448, p < 0.05.

Table 4. Comparison of screw placement accuracy between

concave and convex.

Group n Accurate placement Abnormal placement
Concave 79 (45.7%) 62 (35.8%) 17 (9.8%)
Convex 94 (54.3%) 81 (46.8%) 13 (7.5%)

Note: x?=1.771, p > 0.05.

cle is more susceptible to abnormal screw placement com-
pared to the lumbar spine. Similarly, in a study involving
patients undergoing pedicle screw fixation for adult spinal
disorders, it was observed [32] that the thoracic spine was
more prone to misplacement than the lumbar spine. Fur-
thermore, Sarwahi et al. [22] analyzed the pedicle morphol-
ogy in scoliosis and identified that most of the abnormal
pedicles were situated in the thoracic spine, predominantly
in the upper thoracic spine. They proposed that the smaller
size of the upper thoracic vertebral body might contribute to
this anomaly. The reduced size of the vertebral body itself
and the presence of deformities can collectively increase the
difficulty of pedicle screw placement, creating a situation
where “1+1 > 2”. This same principle applies to the tho-
racolumbar spine in our study. Given the smaller vertebral
morphology in the thoracic spine and the higher prevalence
of abnormal vertebral bodies in this region compared to the
lumbar spine, the likelihood of abnormal screw placement
in the thoracic spine is greater. Consequently, it is imper-
ative to heighten safety awareness during thoracic pedicle
screw fixation.

Precise pedicle screw placement is essential, as it not
only guarantees safety but also maintains crucial biome-
chanical characteristics [33]. However, the precise defini-
tion of precision may vary, typically concerning whether it
allows for placement within 2 mm or 4 mm. For instance,
in a study that investigated severe idiopathic scoliosis in
both adults and adolescents, it was observed that the rate
of screw misplacement, exceeding 2 mm beyond the corti-
cal bone, was 3.7% [34]. Moreover, previous studies have
indicated [9,19] that in children, screws placed manually,
approximately 9% of them penetrated the cortical bone by
more than 4 mm. These findings underscored that the con-
clusions drawn can be influenced by the varying ranges of
accuracy definitions. However, the primary concern is how
to better constrain this range, particularly in the case of chil-
dren. An extensive literature review [23] suggested that a
deviation of up to 2 mm is generally considered acceptable

for cortical bone penetration. Nevertheless, some scholars
[35,36] have proposed defining a safe zone within 4 mm
of the intraspinal penetration. This highlighted the ongo-
ing debate regarding the optimal range for pedicle screw
accuracy, especially concerning pediatric patients. How-
ever, these studies do not take into consideration the dif-
ferent locations of the broken wall. Several case studies
[26,27,37-39] have reported that patients with poor screw
placement that breaks through the medial or lateral wall de-
velop corresponding neurological complications as the lat-
eral curve progresses during growth and development. With
the growth of the vertebral body, the protrusion degree of
the screws breaking through the anterior wall of the verte-
bral body will decrease, so the adverse effects of the pro-
truding screws on the human body will subsequently de-
crease [40]. The proposed ranges are contingent on the lo-
cation of the screw, where deviations within 4 mm may in-
volve breaking through the lateral wall of the pedicle or the
anterior wall of the vertebral body. However, for children
with scoliosis and vertebral deformities, it’s imperative to
consider the risk of screws penetrating the inner wall of the
pedicle, as such penetrations could lead to migration into
the spinal canal as the deformity progresses with growth
and development.

Studies [41] have demonstrated that children with se-
vere spinal deformities or congenital spinal deformities may
exhibit anatomical variations in spinal cord blood vessels or
congenital spinal cord development abnormalities. These
factors reduce their tolerance for medial pedicle protrusion.
For the safety of children, a more stringent “safe zone” with
a range of less than 2 mm may be considered to enhance
accuracy and safety. In cases where children exhibit me-
dial wall breakthroughs, we recommend follow-up appoint-
ments every 6 to 12 months. This approach ensures that
any corresponding neurological symptoms are promptly ad-
dressed. It is also worth noting that in addition to pedi-
cle and vertebral body size, the thickness and length of the
screw should be taken into consideration. Using relatively
shorter and thinner pedicle screws may help reduce the inci-
dence of abnormal screw placement. Nonetheless, it’s im-
portant to acknowledge that the use of relatively shorter
and thinner pedicle screws can significantly compromise
biomechanical efficiency. The screws we opted for were
intentionally longer for several reasons. First, this choice
was made to prioritize the stability of fixation. Second, it’s
essential to remember that children, especially those with
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Table 5. Comparison of screw placement accuracy between normal vertebra and abnormal morphology vertebra with

concave/convex side.

Normal vertebra

Abnormal morphology vertebra

Group

n Accurate placement  Abnormal placement n Accurate placement  Abnormal placement
Concave 52 (30.1%) 50 (28.9%) 2 (1.2%) 27 (15.6%) 12 (6.9%) 15 (8.7%)
Convex 60 (34.7%) 54 (31.2%) 6 (3.5%) 34 (19.7%) 27 (15.6%) 7 (4.0%)

Note: normal vertebra, x2 = 0.798, p > 0.05; abnormal vertebra, x2 = 7.980, p < 0.05.

spinal deformities, are distinct from adults. Spinal defor-
mities in children may exacerbate as their spines continue
to grow. Consequently, selecting relatively longer pedi-
cle screws can offer enhanced holding force and fixation,
thereby addressing the evolving nature of the deformity.

The accuracy of pedicle screw placement is influenced
by numerous factors, and the choice of evaluation meth-
ods can also introduce subjectivity that affects the assess-
ment of screw placement accuracy. One study [42] found
that when X-rays were employed for assessment, the risk of
poor screw placement in children was less than 4%. How-
ever, when CT was used as the evaluation method, the in-
cidence of abnormal screw placement rose to 6.8% [43].
Furthermore, another study reported that the rate of abnor-
mal pedicle screw placement, as determined by postopera-
tive CT evaluation, was as high as 15.7% [23] in patients
undergoing free-hand screw placement. CT offers a more
precise evaluation of the position and extent of screw pro-
trusion compared to X-rays. Additionally, the use of tita-
nium alloy pedicle screws in CT produces very few arti-
facts, making it the preferred imaging method for assessing
screw positions after surgery [44]. Nevertheless, it’s crucial
to consider the potential effects of radiation exposure. Ad-
ditionally, it is worth noting that we did not routinely per-
form postoperative CT scans but rather required abdominal
or chest CT scans for other medical reasons. This approach
was adopted because studies have indicated [45] that chil-
dren and adolescents face a higher risk of cancer associated
with the same radiation exposure compared to adults. Even
with the advent of the latest low-dose CT technology, the
incidence of cancer remains unaffected. While technolog-
ical advancements bring progress, it’s crucial to recognize
that there are “side effects” that cannot be overlooked. In
recent years, there has been a growing trend in the appli-
cation of intraoperative navigation technology. However,
it also comes with potential risks stemming from CT radi-
ation. Studies have revealed that the radiation dose associ-
ated with CT navigation in spinal surgery is 2.7 times higher
than that of intraoperative X-ray fluoroscopy [46]. Hence,
it is imperative to weigh the pros and cons of new tech-
nologies before implementing them. Furthermore, not all
pediatric spine patients or vertebral segments require navi-
gation assistance. Clinicians can benefit from strategies for
screw placement based on disease type and the vertebral
level with the highest risk of screw misplacement, making
navigation a favorable choice [18]. For regions and hos-

pitals lacking intraoperative navigation equipment, it is vi-
tal to understand the high-risk segments and vertebral bod-
ies for screw placement. Reducing the density of pedicle
screws and limiting their placement in high-risk areas can
significantly decrease the occurrence of screw misplace-
ment [47]. This approach effectively mitigates the risk of
inaccurate screw placement.

Additionally, it is crucial to consider the findings of
other studies [48], which have indicated that the use of in-
traoperative navigation in cases of non-severe spinal mal-
formations can lead to increased radiation exposure without
a corresponding improvement in pedicle screw placement
accuracy. Another important issue that cannot be over-
looked is wound healing. The subjects of our study were
children with early-onset congenital scoliosis. These pa-
tients are typically under 10 years of age and may also face
challenges related to eating and growth retardation due to
their deformities. Consequently, there is a higher likelihood
of prominent screw heads and increased skin incision ten-
sion after implant placement. Theoretically, this increases
the risk of postoperative incision complications compared
to adults. Although one patient in our study experienced
poor wound healing, the remaining patients achieved pri-
mary wound healing. This outcome may be attributed to the
relatively short segment of our surgical procedures. How-
ever, if insufficient attention is given to wound infection,
there is a risk of deep infection, which could ultimately re-
sult in the failure of internal fixation, with potentially catas-
trophic consequences for children.

This study serves as a valuable reference for pedi-
atric spine surgeons involved in pedicle screw placement
for early-onset scoliosis patients. It underscores the impor-
tance of giving special attention to the thoracic vertebrae,
especially in cases involving abnormal vertebrae and the
concave side of the spine. However, it’s essential to ac-
knowledge the limitations of this study. It is retrospective
in nature and based on a relatively small sample size. Fu-
ture research should consider conducting prospective stud-
ies with larger sample sizes to enhance the robustness of the
findings.

Conclusions

In children under 10 years old with early-onset con-
genital scoliosis, the manual placement of thoracic and lum-
bar pedicle screws demonstrates a high level of accuracy.
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Moreover, complications associated with pedicle screw in-
sertion are infrequent after surgery. It is advisable to ex-
ercise caution in thoracic vertebral bodies and morpho-
logically abnormal vertebral bodies when placing pedicle
screws, especially to the concave side in these regions.
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