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Objective. To perform comparative analysis of the accuracy of pedicle screw placement in spinal deformity correction in children with idio-

pathic scoliosis using 3D-CT navigation.

Material and Methods. Surgical treatment of 96 patients aged 14–18 years with Lenke type I and V idiopathic scoliosis was performed. 

In the study group (n = 66), pedicle screws were inserted using the navigation station, in the control group (n = 30) – by the freehand 

method. The accuracy of pedicle screw position was assessed using postoperative CT images of the spine based on the Gertzbein scale.

Results. The total number of pedicle screws inserted in the study group was 1166, in the control group – 546. In the study group, position 

of screws was correct in 96 % (1119 screws) of observations and incorrect in 4 % (47 screws). In the control group, the correct position was 

noted only in 78 % (426 screws) of cases, and the number of incorrectly inserted screws was significantly larger – 22 % (120 screws). In the 

study group, incorrectly inserted screws in the thoracic spine were detected in 4.8 % of cases, in the lumbar spine – in 2.5 %; in the control 

group, pedicle screws were incorrectly inserted in the thoracic spine in 35.1 % of cases, in the lumbar spine – in 10.1 %.

Conclusion. Using the navigation station during surgical intervention aimed at correcting the deformity of the spine in children with idio-

pathic scoliosis of various locations allows a significant increase in the number of correctly inserted pedicle screws used for instrumentation.
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Currently, Cotrel – Dubousset instrumen-
tation is most commonly used for sur-
gical correction of scoliotic deformity 
of the spine [3, 4, 9, 11, 13]. According 
to several authors [1, 2, 8, 10, 12], trans-
pedicular fixation is superior to laminar 
one from the standpoint of biomechan-
ics. However, it is associated with the risk 
of possible screw malposition, which is 
primarily due to structural changes in 
the vertebrae caused by scoliotic process. 
For this reason, the control and correct 
positioning of transpedicular supporting 
elements are important components in 
the surgical treatment of patients with 
idiopathic scoliosis.

Fluoroscopy is one of the basic and 
widely used methods to control insertion 
of pedicle screw systems. The accumu-
lated experience of its application shows 

a number of significant limitations of 
inserting screws under the image intensi-
fier control. First of all, it is high radiation 
dose to the patient and staff. Further-
more, screw insertion is controlled only 
in one planar projection, which greatly 
reduces the accuracy and safety of the 
procedure. In the case of 2D fluoroscopy, 
significant deviations in screw trajectory 
can reach 7–54 % and the incidence of 
associated neurological complications 
is 5–7 % [14, 15, 22]. Additional use of 
optical navigation systems is a promising 
way to improve the surgical technique 
of pedicle screws insertion. 2D fluoro-
navigation is one of the simplest navi-
gation assistance methods. Its principal 
advantages include significant (10–12-
fold) reduction of radiation exposure 
[16], which is especially important when 

performing surgical procedures in chil-
dren and adolescents, as well as the pos-
sibility of simultaneous monitoring of 
screw insertion in several projections, 
providing conditions for improving the 
accuracy of surgical procedures. 2D fluo-
ro-navigation provides two-dimensional 
information and cannot control screw 
insertion in the axial and coronal projec-
tions, which is the principal disadvantage 
of the method.

Recently, 3D navigation methods that 
provide more favorable conditions for 
the planning and insertion of the pedicle 
screws have become very popular in clin-
ical practice. The use of navigation sys-
tems during surgical correction of idio-
pathic scoliosis in children is a novel and 
promising method, significantly improv-
ing the possibility of correct screw inser-
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tion into deformed vertebrae involved 
in the curvature and significantly reduc-
ing the risk of intraoperative complica-
tions [5–7]. According to the meta-anal-
ysis performed by Tian et al. [23] in 2011, 
3D navigation methods have significant 
advantages in terms of accuracy of inser-
tion of the transpedicular supporting ele-
ments before screw insertion under the 
2D fluoroscopic control. Our retrospec-
tive literature review analyzes the results 
of screw insertion through the pedicles 
of 7533 lumbar and thoracic vertebrae. 
The accuracy of 3D-navigation-assisted 
screw insertion reached 96.7 % and sig-
nificantly exceeded the capabilities of 
the conventional screw insertion meth-
ods under 2D – fluoroscopic control 
[23]. The advantages of 3D navigation 
are the most apparent in the case of tho-
racic spinal surgery. Amiot et al. [14] have 
clearly demonstrated higher accuracy 3D 
navigation compared to the operations 
performed under fluoroscopic control. 
Navigation assistance improved the accu-
racy of screw insertion in 95 % of cases, 
while in the case of fluoroscopic con-
trol, this value was significantly lower, 85 
% [14]. Analysis of surgical outcomes in 
100 patients with spinal cord injuries car-
ried out by Laine et al. [20] showed that 
3D navigation assistance reduced per-
foration of pedicles from 13.4 to 4.6 %, 
while according to Kotani et al. [19], it 
was reduced from 11.0 to 1.8 %.

3D fluoro-navigation is one of the 
most attractive 3D navigation methods, 
which is based on the concomitant use of 
3D image intensifier and a conventional 
optical navigation system. Capability of 
producing intraoperative 3D images fol-
lowed by the control of screw insertion 
in the axial, coronal, and sagittal projec-
tions is the principal advantage of this 
technique. Significant drawbacks of 3D 
fluoro-navigation include low quality 
of intraoperative images, especially in 
patients with osteoporosis, high body 
weight and/or severe disorders of the 
spine anatomy [18]. Analysis of the lit-
erature shows that intraoperative 3D-CT 
navigation has the highest accuracy and 
can be regarded as an optimal method 
when inserting pedicle screws during sur-
gery [23–25].

The study was aimed at the compara-
tive analysis of the accuracy of insertion 
of the transpedicular supporting ele-
ments during spinal deformity correc-
tion in children with idiopathic scoliosis 
using 3D-CT navigation.

Material and Methods

The study is based on the analysis of 
the results of examination and surgical 
treatment of 96 patients aged 14–18 
years with grade III and IV idiopathic 
scoliosis of the thoracic, thoracolumbar, 
and lumbar spine,  including 18 
(18.8 %) males and 78 (81.3 %) females. 
All patients were examined and treated 
at the department of spinal pathology 
and neurosurgery at the Turner Scientific 
Research Institute for Children’s 
Orthopedics in 2011–2015.

The study group consisted of 66 
patients with grade III–IV idiopathic 
scoliosis, where the accuracy and sta-
bility of pedicle screws inserted during 
surgery were evaluated using a naviga-
tion station. The control group consisted 
of 30 patients with idiopathic scoliosis 
with similar localization, who underwent 
insertion of transpedicular elements of 
the posterior spinal instrumentation sys-
tem using the freehand method.

The type of deformity, localization, 
and structural characteristics of its con-
stituting scoliotic curves were deter-
mined using idiopathic scoliosis classi-
fication developed by Lenke et al. [21].

The study group included 13 (19.7 %) 
male and 53 (80.3 %) female patients, 
whose mean age was 15.4 ± 0.6 years. 
The control group included 5 (16.7 %) 
male and 25 (83.3 %) female patients, 
whose mean age was 15.9 ± 0.8 years 
(Fig. 1).

In the study group, 11 (17 %) patients 
were diagnosed with grade III scoliotic 
deformity of the spine, and 55 (83 %) 
patients were diagnosed with grade IV. In 
the control group, 6 (20 %) patients had 
grade III scoliosis and 24 (80 %) patients 
had grade IV scoliosis.

According to classification proposed 
by Lenke et al, the type I deformity was 
observed in 40 (60.6 %) study group 
patients, type V – in 26 (39.4 %) study 

group patients; in the control group, 
the type I deformity was observed in 18 
(60 %) patients, type V – in 12 (40 %) 
patients.

Orientation of scoliotic curves was 
typical for idiopathic scoliosis in all types 
of deformity. In both groups, all thoracic 
curves in patients with type I scoliosis 
were right-sided, all the thoracolumbar 
and lumbar curves in patients with type 
V scoliosis were left-sided.

The distribution of tactical options 
used for correction of scoliotic defor-
mity was similar in the study and control 
groups (Table 1).

Therefore, there were no significant 
differences between the study and con-
trol groups in terms of the baseline data 
(sex, age, type and degree of deformi-
ty), orientation of the primary deformity 
curve, and options of surgical correction 
of scoliotic deformity. Follow-up time 
was 3 to 5 years (3.4 ± 0.5) in the study 
group and 3 to 5.5 years (3.9 ± 0.9) in 
the control group.

In both groups, patients underwent 
postoperative CT scan of the spine to 
assess the insertion accuracy of the ped-
icle screws. Accuracy of the position of 
inserted transpedicular elements was 
evaluated using the scale proposed by 
Gertzbein et al. [17], where Grade 0 (full 
correct) – transpedicular screw is com-
pletely within the pedicle of the verte-
bral arch and does not contact the adja-
cent soft tissues, Grade I – transpedic-
ular screw is displaced with respect to 
the cortical layer of the pedicle by up to 
2 mm, Grade II – screw displacement by 
2 to 4 mm, Grade III – more than 4 mm 
(Fig. 2).

The accuracy of positioning of trans-
pedicular supporting elements inserted 
into the vertebrae under the control of 
3D-CT navigation and using freehand 
method was comparatively analyzed 
based on the Gertzbein et al. scale using 
a scheme determining the correctness of 
pedicle screw position with respect to 
the bone structures of the instrumented 
vertebra, where the data were labeled 
with the abbreviation SLIM + V. The first 
part of the abbreviation specifies screw 
position with respect to the outer walls 
of the pedicle, which is estimated in a 
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specific sequence: S – superior (crani-
al) wall of the pedicle, L – lateral (out-
er) wall of the pedicle, I – inferior (cau-
dal) wall of the pedicle, and M – medial 
(inner) wall of the pedicle. The second 
part of the abbreviation (V – vertebral 
body) specifies pedicle screw position 
with respect to the anterolateral surface 
of the vertebral body.

Results and Discussion

The total number of transpedicular sup-
porting elements was 1166 in the study 
group and 546 in the control group. In 
the study group, correct screw position 
with respect to the bone structures of the 
instrumented vertebrae was in general 
observed in 96 % of cases (1119 screws), 
incorrect – in 4 % of cases (47 screws).

In the control group, evaluation of 
screw position with respect to the ped-
icles and vertebral bodies showed that 

only 78 % (426) screws had correct posi-
tion, the number of incorrectly insert-
ed transpedicular supporting elements 
was significantly higher (P < 0.05) and 
accounted for 22 % (120 screws).

A comparative analysis of the accuracy 
of pedicle screw position showed higher 
number of screws with smaller displace-
ments in the study group as compared to 
that in the control group. Thus, the num-
ber of screws with Grade I displacement 
was 60.0 % (28 screws) and 2.4 % of the 
total number of inserted screws. In 30 % 
of cases (14 screws), the position of the 
supporting elements was determined as 
Grade II, which accounted for 1.2 % of 
the total amount of screws inserted in 
the study group patients. Grade III dis-
placement of the transpedicular sup-
porting elements was observed only in 
10.0 % of cases (5 screws) and accounted 
for 0.3 % of the total number of inserted 
screws.

In the control group, the number of 
cases of Grade I displacement was lower 
and accounted for 40.0 % (48 screws) of 
all incorrectly inserted supporting ele-
ments (120 screws) and 8.8 % of the total 
number of inserted screws. In 34.0 % of 
cases (41 screws), the analysis of post-
operative CT scans of the spine showed 
Grade II displacement, which is 7.5 % of 
the total number of implanted transpe-
dicular supporting elements. The control 
group demonstrated significantly high-
er (P < 0.05) number of screws, whose 
displacement with respect to the bone 
structures of instrumented vertebra 
involved in the primary scoliotic curve 
was characterized as Grade III, 26.0 % 
(31 screws) of cases. This type of sup-
porting element displacement accounted 
for 5.7 % of the total number of inserted 
pedicle screws (Table 2).

Analysis of distribution of pedicle 
screw displacement types with respect 
to the bone structures of the instrument-
ed vertebrae in the study group patients 
based on the SLIM + V scheme showed 
the following results. The number of 
incorrectly positioned screws inserted on 
the right and on the left with respect to 
the line of the spinous processes of tho-
racic and lumbar vertebrae was almost 
equal and amounted to 25 (53.2 %) and 

Table 1

Distribution of study and control group patients with respect to the type and extent 

of operations, n (%)

Extent of operations Group

Study Control

Spine deformity correction using third generation 

instrumentation, posterior local fusion

18 (27.3) 8 (26.7)

Anterior release, fusion; correction of spinal deformity using 

third generation instrumentation, posterior local fusion

18 (27.3) 8 (26.7)

Anterior release, fusion; the course of halo-femoral traction;

correction of spinal deformity using third generation instru-

mentation, posterior local fusion

30 (45.4) 14 (46.6)

Fig. 1
Age distribution of patients in both groups
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22 (46.8 %), respectively. Among all dis-
placement types, the screws inserted in 
the vertebrae on the right with respect 
to the line of the spinous processes most 
often demonstrated displacement char-
acterized by injury to the lateral wall 
of the pedicle, which accounted for 
31.9 % (15 screws) of the total number 
of incorrectly inserted screws in the 
group where navigation was used. The 
occurrence of the other displacement 
types was approximately the same: 6.4 % 
(3 screws) – injury to the superior wall of 
the pedicle, 6.4 % (3 screws) – protrusion 
beyond the anterolateral surface of the 
vertebral body, 4.1% (2 screws) – injury 
to the inferior wall of the pedicle, and 
4.1% (2 screws) – injury to the medial 
wall of the pedicle.

The distribution pattern of displace-
ment types of the screws inserted into 
the vertebrae on the left with respect 
to the line of the spinous processes was 
similar to the aforementioned one. Dis-
placement of the supporting elements 
characterized by injury of the lateral wall 
of the pedicle occurred in 23.4 % of cases 
(11 screws), injury to the superior wall of 
the pedicle occurred in 10.6 % of cases 
(5 screws), the inferior wall of the ped-
icle in 6.4 % of cases (3 screws), protru-
sion of the threaded portion of the trans-
pedicular supporting element beyond 
the anterolateral surface of the vertebral 
body in 4.1 % of cases (2 screws), and 
injury to the medial wall of the pedicle 
in 2.1 % of cases (1 screw).

Distribution analysis of pedicle screw 
displacement types with respect to the 
spinal segments showed some regulari-
ties in the most common displacement 
type (injury to the lateral wall of the ver-
tebral pedicle), which totaled 55.3 % of 
cases (26 screws). Thus, there was lateral 
malposition of the transpedicular sup-
porting elements on the right side with 
respect to the line of the spinous pro-
cesses at the level of T3–T5 vertebrae 
and at the thoracolumbar junction zone 
(T11–L2 vertebrae) in 14.9 % of cases 
(7 screws) for both levels. Incorrect posi-
tion of screws inserted on the left side 
with respect to the line of the spinous 
processes was observed at the level of 
T6–T9 vertebra and accounted for 19.2 % 
of cases (9 screws).

It should be noted that this distribu-
tion is due to the fact that the pedicles of 
the vertebral arches at the levels of T6–
T9 vertebrae and thoracolumbar junc-
tion zone, where the pedicle screws were 
inserted, were located on the concave 
side of the scoliotic curve and, in most 
cases, had small transverse size. Screw 
displacement was also due to anatomi-
cal anthropometric features of the ped-
icles of vertebral arches at the level of 
T3–T5 vertebrae in the form of reduced 
transverse size on the right. Howev-
er, most cases with this type of screw 
position were characterized by Grade I 
displacement.

Thus, this type of screw malposition 
was due to the fact that, when forming 
the correct trajectory of the canal for the 

transpedicular supporting element under 
the control of 3D-CT navigation in the 
case of the small size of the pedicle, the 
surgeon to a certain degree lateralized 
its direction, when trying to preserve the 
medial wall of the pedicle, forming the 
spinal canal. It is another feature of the 
pedicle screw malposition in patients 
with spinal deformity due to idiopathic 
scoliosis, when forming bone canals and 
inserting screws during the operation 
(Table 3).

Analysis of the distribution of pedicle 
screws displacement types with respect 
to the bone structures of the instrument-
ed vertebra in the control group accord-
ing to the SLIM + V scheme showed the 
following results. The number of incor-
rectly positioned screws inserted on the 
concave and convex sides with respect to 
the line of the spinous processes of tho-
racic and lumbar vertebrae was almost 
equal and amounted to 64 (53.3 %) and 
56 (46.7 %), respectively, similarly to the 
study group. However, in contrast to the 
prospective study group, screw displace-
ment in the control group patients was 
predominantly characterized by injury 
to the medial wall of the pedicle. It was 
observed in 48.3 % (58 screws) of the 
total number of incorrectly inserted 
screws.

Thus, the type M displacement (injury 
to the medial wall of the pedicle) was the 
most common one among all displace-
ment types of the screws inserted into 
the vertebrae on the convex side with 
respect to the line of the spinous pro-
cesses and accounted for 22.5 % of cas-
es (27 screws); the type V displacement 
(vertebral body) was the second most 
common one and accounted for 16.7 % 
of cases (20 screws). Other types of dis-
placements occurred at approximately 
the same rate: injury to the superior wall 
of the pedicle – 5.8 % (7 screws), injury 
to the lateral wall of the pedicle – 5.0 % 
(6 screws), and injury to the inferior wall 
of the pedicle – 3.3 % (4 screws).

Distribution pattern of displacements 
of the screws inserted on the concave 
side of the vertebrae with respect to the 
line of the spinous processes was similar 
to the aforementioned one, except for 
the type V displacement. Displacement 

Fig. 2
Evaluation of the accuracy of pedicle screw position with respect to the pedicle of the 
vertebral arch (explanation in the text)

Grade 0 Grade I Grade II Grade III
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of the supporting structures character-
ized by injury to the medial wall of the 
pedicle accounted for 25.8 % of cases 
(31 screws); injury to the superior wall of 
the pedicle and protrusion of the thread-
ed portion of the transpedicular support-
ing structure beyond the anterolateral 
surface of the vertebral body occurred 
in 8.3 % (10 screws) of cases, injury to 
the inferior wall of the pedicle – 2.5 % of 
cases (3 screws), injury to the lateral wall 
of the pedicle – 1.7 % of cases (2 screws).

Distribution analysis of pedicle screw 
displacement types with respect to the 
spinal segments in the control group 
also showed some features and patterns. 
The screws inserted on the convex side 
with respect to the line of the spinous 
processes demonstrated medialisation 
of the transpedicular supporting ele-
ments at the level of T3–T4 vertebrae 
with respect to the pedicle of the ver-
tebral arch in 7.5 % of cases (9 screws) 
and at the level of T12–L2 vertebrae in 
10.0 % of cases (12 screws). The type V 
displacement was identified at the level 

of T11–T12 vertebrae in 7.5 % of cas-
es (9 screws) and at the level of L2–L5 
vertebrae in 6.7 % of cases (8 screws). 
Injury to the medial wall of the pedicle 
caused by screws inserted on the con-
cave side with respect to the line of the 
spinous processes was observed at the 
level of T6–T9 vertebrae and accounted 
for 20.8 % of cases (25 screws). Protru-
sion of the threaded portion of the screw 
beyond the anterolateral contour of the 
vertebral body occurred in 5.8 % of cases 
(7 screws).

It should be noted that this distribu-
tion of M-type displacement (medial) is 
also due to anatomical and anthropo-
metric characteristics of the pedicles of 
the vertebral arches involved in the scoli-
otic curve. However, most screws charac-
terized by this position in the retrospec-
tive study group corresponded to Grade 
II and III displacement. Type V displace-
ment, which accounted for 25 % of cases 
(20 screws), is due to mismatch between 
the size of the transpedicular supporting 
element and the length of the screw path.

In summary, this type of screw mal-
position is due to the lack of the possibil-
ity of visual control during formation of 
canals for the pedicle screws when using 
freehand method, and it is potentially 
dangerous due to possible injury to the 
spinal canal structures associated with 
damage to the medial wall of the pedicle 
and the risk of injury to the prevertebral 
structures in the case of type V displace-
ment (Table 4).

The comparative analysis of the dis-
tribution of incorrect positions of ped-
icle screws with respect to the thoracic 
and lumbar spine in the study and con-
trol groups showed the following results. 
In the study group, incorrectly inserted 
transpedicular supporting elements in 
the thoracic spine were detected in 4.8 % 
of cases (38 screws). The distribution of 
incorrectly inserted screws in the seg-
ments of the thoracic spine is as follows: 
upper thoracic spine – 12.9 % (9 screws), 
medial thoracic spine – 5.1 % (16 screws), 
lower thoracic spine – 3.1 % (13 screws). 
In the lumbar spine, the number of 
incorrectly inserted screws was lower 
and amounted to 2.5 % (9 screws).

In the control group, incorrectly 
inserted transpedicular supporting ele-
ments in the thoracic spine were detect-
ed in 35.1 % of cases (91 screws). The 
following distribution with respect 
to the thoracic spine segments was 
observed: upper thoracic spine – 
92.3 % (12 screws), medial thoracic spine 

– 37.7 % (32 screws), lower thoracic spine 
– 29.2 % (47 screws). There were 10.1 % 
(n = 29) incorrectly inserted screws in 
the lumbar spine.

Therefore, the number of incorrectly 
inserted screws in the thoracic spine was 
significantly higher (P < 0.05) in the con-
trol group. The percentage of incorrectly 
inserted screws increased in the cranial 
direction and reached maximum value 
in the upper thoracic spine, amounting 
to 4.8 % in the thoracic spine and 2.5 % 
in the lumbar spine in the study group; 
35.1 % and 10.1 %, respectively, in the 
control group (Table 5).

Table 2

Distribution of vertebrae with respect to the accuracy of screw position

Vertebra Study group (scT = 1166) Control group (scT = 546)

Grade Grade

I II III I II III

T3 3 1 0 0 1 1

T4 2 3 0 2 4 4

T5 3 0 0 5 3 2

T6 2 2 0 3 1 1

T7 3 1 0 4 1 2

T8 2 2 1 4 2 4

T9 2 1 1 6 7 4

T10 1 1 0 2 4 2

T11 1 1 1 4 5 1

T12 2 1 1 6 2 4

L1 3 0 1 4 2 2

L2 2 0 0 3 2 1

L3 1 0 0 0 1 0

L4 1 1 0 1 3 1

L5 0 0 0 4 3 2

Total scIN, n 28 14 5 48 41 31

Total % of scIN 60 30 10 40 34 26

Total % of scT 2.4 1.2 0.3 8.8 7.5 5.7

scT — total number of inserted screws, scIN — the number of incorrectly inserted screws.
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Conclusion

The comparative analysis showed that 
incorrectly inserted transpedicular sup-
porting elements in the thoracic and 
lumbar spine accounted for 4 % in the 
study group, which was significantly 
(P < 0.05) less common than in the 
control group (22 %). Application of 

the navigation station during corrective 
surgery for spinal deformities in children 
with idiopathic scoliosis characterized 
by various localization can significantly 
increase the number of correctly inserted 
transpedicular screws.

The study was not sponsored. The authors declare 

no conflict of interest.

Table 3

Distribution of thepedicle screw displacement types with respect to the bone structures of the instrumented vertebra in the study group, n

Vertebra Dexter Sinister

S L I M V S L I M V

T3 – 2 – 1 – – – – – 1

T4 – 3 – – – 2 – – – –

T5 – 2 – – – 1 – – – –

T6 – – 1 – – 1 2 – – –

T7 – – 1 – – 1 2 – – –

T8 – – – 1 – – 4 – – –

T9 1 – – – – – 1 1 1 –

T10 1 – – – – – – 1 – –

T11 1 1 – – 1 – – – – –

T12 – 2 – – 2 – – – – –

L1 – 3 – – – – 1 – – –

L2 – 1 – – – – – – – 1

L3 – – – – – – 1 – – –

L4 – 1 – – – – – 1 - –

Total, n (%) 3 (6.4) 15 (31.9) 2 (4.1) 2 (4.1) 3 (6.1) 5 (10.6) 11 (23.4) 3 (6.4) 1 (2.1) 2 (4.1)

Dexter — screws installed on the right; Sinister — screws installed on the left; S — the superior wall of the pedicle of the vertebral arch; L — lateral wall of 

the pedicle; I — inferior wall of the pedicle; M — medial wall of the pedicle; V — vertebral body.
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Table 4

Distribution of the pedicle screw displacement types with respect to the bone structures of the instrumented vertebra in the control group, n

Vertebra Dexter Sinister

S L I M V S L I M V

T3 – – – 2 – – – – – –

T4 – – 1 7 – 2 – – – –

T5 – 1 2 – 3 1 – – – 3

T6 – – 1 – – 1 – – 3 –

T7 – – – – – – – – 7 –

T8 – 1 – – – – – – 9 –

T9 3 1 – 2 – 3 – 2 6 –

T10 2 – – 3 – 2 – 1 – –

T11 1 1 – – 4 1 2 – 1 –

T12 1 2 – 3 5 – – – 1 –

L1 – – – 5 – – – – 3 –

L2 – – – 4 1 – – – – 1

L3 – – – – 1 – – – – –

L4 – – – – 3 – – – – 2

L5 – – – 1 3 – – – 1 4

Total, n (%) 7 (5.8) 6 (5) 4 (3.3) 27 (22.5) 20 (16.7) 10 (8.3) 2 (1.7) 3 (2.5) 31 (25.8) 10 (8.3)

Dexter — screws installed on the right; Sinister — screws installed on the left; S — the superior wall of the pedicle of the vertebral arch; L — lateral wall of 

the pedicle; I — inferior wall of the pedicle; M — medial wall of the pedicle; V — vertebral body.
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