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Abstract

Purpose This study aimed to estimate the accuracy of pedicle screw (PS) placement in degenerative scoliosis surgery, char-
acterize a patient population with PS misplacement, and analyze the association between misplaced PS vector and lumbar
coronal curve.

Methods In this study, 122 patients (average age 68.6 years), who underwent corrective and decompression surgery, were
selected retrospectively. PS accuracy was evaluated in the thoracic to lumbar spine. We identified characteristics of misplace-
ment in each patient. Screw positions were categorized into grade A, entirely in the pedicle; grade B, <2 mm breach; grade
C, 2—4 mm breach; and grade D, >4 mm breach using postoperative computed tomography.

Results The mean preoperative lumbar coronal curve was 32.3 + 18.4°, and the number of fused vertebrae was 8.9 £2.8. A
total of 2032 PS were categorized as follows: grade A, 1897 PS (93.3%); grade B, 67 (3.3%); grade C, 26 (1.3%); and grade
D, 43 (2.1%). One PS (grade D), inserted at TS, needed surgery for removal due to neurological deficit. The misplacement
group (grades C and D) had a significantly stronger lumbar coronal curve and apical vertebral rotation than the accuracy
group (grades A and B). Misplaced PS vector (direction and degree) was significantly correlated with inserted vertebral
rotation. Grade D misplacement was distributed mainly around the transitional vertebra of the lumbar curve.

Conclusions The accuracy of PS insertion in the thoracic to lumbar spine was high in DS surgery, but the need for care was
highlighted in the transitional vertebra.

Keywords Pedicle screw - Freehand technique - Degenerative scoliosis - Transitional vertebra - Upper instrumented
vertebra

Introduction

Pedicle screws (PS) are the most prevalent spinal segmen-
tal fixation system that allows to stabilize all three columns
of the spine in adult spinal deformity (ASD) surgery [1].
They provide stable anchor points connected to rods, but
PS misplacement has the potential risk of correction loss,
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neurological deficits, and organ damage [2, 3]. The freehand
technique has the advantage of no radiation exposure dur-
ing surgery. Compared with surgical assistant technologies,
such as fluoroscopy and navigation techniques, the freehand
technique achieves the same accuracy level in the thoracic-
to-lumbar screw insertion [4]. Many studies described the
accuracy and safety of the freehand technique, and screw
misplacement rates vary from 1.7 to 15% in several etiolo-
gies. [5-10].

With the aging of the society, the number of patients
with degenerative scoliosis (DS), who are treated with ASD
surgery, is increasing [11]. However, the characteristics of
PS misplacement remain to be elucidated. Therefore, the
aims of this study were to investigate the accuracy of PS
placement and to elucidate the characteristics of screw mis-
placement using a freehand technique in DS cases. Here, we
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present the high accuracy of PS insertion in the thoracic to
lumbar spine, but the misplacement screw was distributed
around the transitional vertebra.

Materials and methods

This retrospective radiological study was based on a pro-
spective patient database from a single academic spinal sur-
gery department. Between 2016 and 2019, we conducted a
retrospective review of patients with ASD who underwent
surgical decompression, reconstruction, and realignment
with fusion and pedicular segmental instrumentation using a
freehand technique. The exclusion criteria were patients with
less than 10° of coronal curve or those with other patholo-
gies such as neuromuscular disease or iatrogenic kyphosis
[12]. Postoperative computed tomography (CT) images were
evaluated for PS placement in the thoracic to lumbar spine
(T1-L5). For best accuracy, axial scans, as well as sagittal
and coronal reconstructions, were reviewed. This study was
approved by our Institutional Review Board (#20-189). The
requirement for informed consent was waived because of the
retrospective nature of the research.

Surgical technique

All surgeries were performed under general anesthesia
with the patient in the prone position on the Jackson table.
Freehand technique involves presurgical evaluation of the
deformity using routine radiographs of the spine. CT scans,
magnetic resonance images, or both, were used to identify
the anatomic variation resulting from the rotation, angula-
tion, and translation of each vertebral segment as well as the
extent of spinal canal abnormalities. These were performed,
in most cases, for diagnostic assessment of the spinal canal
for stenosis, which required routine scans, in contrast to the
extensive CT scan cuts used for stereotactic guidance. Dur-
ing surgery, the facets were identified after careful expo-
sure of the involved spinal segments. The localizing pedicle
probe was placed at the base level of the superior articular
facet and at the midpoint of the transverse process and the
pars interarticularis. The first operator was positioned on the
patient's left side and introduced all implants on one side,
while the assistant operator was on the opposite side.

Radiological evaluation

Rampersaud criteria were used to evaluate the screw posi-
tion along with the direction of the screw breach using an
axial CT scan [13]. According to the criteria, patients were
categorized into four grades from A to D (A: entirely in the
pedicle, B: <2 mm breach, C: 2-4 mm breach, D: >4 mm
breach). Oversized screws touching both the medial and
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lateral cortices were still considered to be part of grade A
unless the breach was >2 mm. Screws perforating the canal
for up to 2 mm were recognized as acceptable [14, 15].
Grades A and B were categorized as the accuracy group
(group A), and grades C and D as the misplacement group
(group M). Vertebral rotation was defined as the use of
preoperative axial CT scans. Clockwise and anticlockwise
rotations of the vertebral longitudinal axis were defined as
vertebral rotation plus [VR (+)] and vertebral rotation minus
[VR (—)], respectively. Preoperative full-spine radiographs
(anteroposterior and lateral) were recorded with the patients
in the standing position. Lateral radiographs were recorded
with patients gazing horizontally in a natural free-standing
posture with their fingers on their clavicles [16]. The meas-
ured radiographic parameters were as follows: (1) lumbar
lordosis (the angle between the upper endplate of the L1
vertebra and the upper endplate of the S1 vertebra); (2) tho-
racic kyphosis (the angle between the upper endplate of T5
and the lower endplate of T12); (3) sacral slope; (4) pelvic
tilt; (5) pelvic incidence; and (6) C7 sagittal vertical axis
(the distance between a plumb line from the center of the
C7 vertebra and the posterior superior center of the sacrum).

Statistical analysis

Descriptive statistics, including mean and standard devia-
tion, were calculated for demographic data and radiographic
parameters. Differences in individual and radiographic
parameters were assessed using unpaired ¢ test, chi-squared
test, and Fisher’s exact test. All statistical computations were
performed using Statistical Package for the Social Sciences
software (version 22.0; IBM Corp., Armonk, NY, USA). A
p value < 0.05 was considered statistically significant.

Results

A total of 2033 PS were analyzed in 122 patients. Table 1
shows the data on patient background. Nineteen men and
102 women (average age 68.6 years; age range 34—77 years)
were included. DS consisted of the primary pathology, and
the mean preoperative coronal Cobb angle was 32.3°. A total
of 1964 screws (96.7%) were placed in the cortical shell on
the pedicle or under 2-mm misplacement (grade A or B),
while 69 screws (3.3%) were placed over 2 mm or more
apart from the cortical shell (grade C or D) (Table 2). One
case revealed grade-D misplacement medially, resulting in
surgery for removal due to neurological symptoms. Grade-
D misplacement presented bilateral symmetry (medial 21,
lateral 20). Only two patients had inferior medial misplace-
ment (Table 3).

Table 4 shows the preoperative demographic comparison
between groups A and M. Spino-pelvic parameters (thoracic



Archives of Orthopaedic and Trauma Surgery (2023) 143:1861-1867

1863

kyphosis and coronal Cobb angle) and vertebral rotation of
the apical vertebra were significantly higher in group M than
in group A. No significant difference was found in demo-
graphic characteristics between the two groups, except per-
centage of women.

Figure 1 shows the correlation between the rotation angle
of the vertebra to which the PS was inserted and PS mis-
placement vector (direction and degree). On both the left
(primary surgeon) and right sides (assistant surgeon), the
VR was correlated significantly with the PS misplacement
vector. Figure 2 demonstrates the distribution of grade-D
misplacement in each case. In most cases, the misplace-
ment occurred around the transitional vertebra in the lumbar
curve, following the upper instrumented vertebra compared
with the apical vertebra.

Table 1 Patient background

Number 122
Age (year) 68.6+8.9
Female N (%) 102 (83)
BMI 23.1+3.6
Lumbar BMD 98.0+21.7
Pathology N

KS 114

AS 8
Preoperative coronal Cobb (°) 323+184
No. of fused vertebrae 89+2.8
No. of pedicle screw 20.4+59

Data are presented as the mean + standard deviation

BMI body mass index, BMD bone mineral density, KS kyphoscolio-
sis, AS adult scoliosis

Representative case

A 79-year-old woman with kyphoscoliosis underwent
decompression and corrective surgery from T10 to the
ilium (Fig. 3). The preoperative coronal Cobb angle was
51° (L1-L4). Apical vertebra was rotated clockwise (grade
2). Postoperative CT showed grade-D misplacement on the
left side (L1). She did not show any neurological deficits.

Discussion

The accuracy rate of PS was high (96.7%), and only one case
required revision surgery. High coronal Cobb angle was a
characteristic of screw misplacement, and vertebral rotation
influenced the breached screw vector. Furthermore, screw
misplacement occurred mainly around the transitional ver-
tebra in each case.

The freehand technique for PS insertion is cost-effective
and avoids the harmful effects of radiation exposure to both
patients and surgeons [17]. It also shortens surgery duration,
reducing the incidence of surgical site infection in proce-
dures involving spinal instrumentation [18]. In the freehand
technique, Laudato et al. reported 93.6% accuracy in the tho-
racic to lumbar spine [4], and Kim et al. showed 93.8% accu-
racy in the thoracic spine in patients with adult degenerative
scoliosis and deformity [5]. Our study exhibited high accu-
racy and low revision rate in DS surgery, which was similar
to the findings of a previous study. There were two notable
reasons for the low revision rate in our study. First, inferior
medial misplacement occurred in few cases (Table 3). Spi-
nal roots are vulnerable to damage when PS misplacement

Table 2 Pedicle screw
distribution and grading

Left (primary surgeon)

Right (assistant)

Grade Grade

A B C D A B C D Total
T4 7 1 0 1 7 2 1 0 19
T5 15 0 0 1 15 2 0 2 35
T6 18 1 0 2 17 1 0 1 40
T7 20 2 2 0 17 2 0 0 43
T8 1 0 0 2 21 2 0 0 26
T9 68 2 2 1 59 7 0 1 140
T10 101 4 0 0 101 3 0 0 209
T11 102 0 0 0 102 2 2 1 209
T12 97 1 2 2 100 0 2 3 207
L1 95 5 1 2 100 2 1 3 209
L2 104 2 1 5 99 9 4 1 225
L3 106 2 1 5 105 2 2 3 226
L4 100 6 0 2 107 4 2 2 223
L5 107 2 2 2 106 1 1 1 222
Total 941 28 11 25 956 39 15 18 2033
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occurs infero-medially to the pedicle [19]. Second, cases
included adult patients who presented increased spinal cord
tension and not young patients with adolescent idiopathic
scoliosis (AIS). [20].

Preoperative coronal Cobb angle and vertebral rotation
are risk factors of PS misplacement in spine surgery [21].
Zhu et al. reported that PS misplacement rate is higher in
patients with a Cobb angle > 80° than in patients with < 80°
in congenital scoliosis [22]. Harimaya et al. demonstrated

Table 3 Direction distribution of grade D misplacement

Lateral Medial Inferior medial Total
T4 1 0 0 1
T5 2 1 0 3
T6 1 2 0 3
T7 0 0 0 0
T8 2 0 0 2
T9 1 1 0 2
T10 0 0 0 0
T11 1 0 0 1
T12 0 5 0 5
L1 1 4 0 5
L2 3 3 0 6
L3 6 2 0 8
L4 1 2 1 4
L5 1 1 1 3
Total 20 21 2 43

a positive relation between vertebral rotation and PS mis-
placement occurrence in infantile and juvenile patients [23].
Similar to the findings of these studies, our study revealed
that misplacement occurred in cases with high preoperative
coronal curve and apical vertebral rotation (Table 4) and that
the misplacement vector was affected by the inserted verte-
bral rotation (Fig. 1). Notably, the misplacement occurred
more frequently around the transitional vertebra than the
apical vertebra, which has the highest rotation (Fig. 2). Chan
et al. reported that the PS misplacement rate is highest at the
transitional proximal thoracic to main thoracic regions in
AIS surgery because of the pedicle trajectory change. [24]
These results imply that surgeons would be more influenced
by the change in trajectory at the transitional vertebra than
at the apical vertebra in DS surgery.

In some cases, grade-D misplacement occurred at the
upper instrumented vertebrae (Fig. 2). This result may
be explained by the fact that the screw insertion maneu-
ver would be influenced by inadequate skin incision at the
proximal site. With the least sagittal pedicle width among
the lumbar spine [25], L5 misplacement most likely occurs
in the lumbar spine with degenerative spinal disease [26].
However, in this study, misplacement in L5 was less prone
to occur than in other lumbar spines (Table 3). This might
be because L4 total laminectomy for decompression allowed
visualization of the L5 pedicle while inserting the PS.

This study has several limitations. First, PS misplace-
ment possibly occurred during correction maneuvers. Even
if PS insertion is achieved accurately, correction forces,

Table 4 Demographic
comparison between accuracy
and misplacement groups

Group A Group M

N 73 49 p
Demographic characteristics Age (years) 69.2+8.3 67.6+9.6 0.32

Female N (%) 56 (76.7) 46 (97.9) 0.012%*

BMI (kg/m?) 23.1+20.6 23.1+4.2 0.9

BMD (%YAM) 99.5+20.6 96+23.2 0.43
Spino-pelvic parameters C7SVA (°) 113+£79.8 106 +67.1 0.59

TK (°) 18.7+16.9 26.1+£21.3 0.045*

LL (°) 11.2+21.2 13.7£19.3 0.51

SS (°) 18.0+12.4 18.2+9.1 0.95

PT (°) 349+10.4 34.0+11.8 0.67

PI(°) 52.8+12.1 51.6x+11.5 0.57

Coronal Cobb (°) 263+17.4 39.1+18.6 <0.0001*
Vertebral rotation 0 17 2 0.0002*
(Nash & Moe scale) 1 18 12

2 31 22

3 3 13

4 0 0

Data are presented as the mean + standard deviation

BMI body mass index, BMD bone mineral density, KS kyphoscoliosis, AS adult scoliosis, SVA sagittal ver-
tical axis, 7K thoracic kyphosis, LL lumbar lordosis, SS sacral slope, PT pelvic tilt, PI pelvic incidence

*Statistically significant

@ Springer



Archives of Orthopaedic and Trauma Surgery (2023) 143:1861-1867 1865
Fig.1 Association between A B
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Fig.2 Grade-4 misplacement pedicle-screw distribution for coro-
nal curve in each case. In cases 1-22, the misplacement screw was
located around the transitional vertebra. In cases 23-28, the misplace-

such as distraction, compression, and rod-rotation force,
induce PS breach in fragile bony cases [27]. Second, our
material consisted mainly of de novo degenerative lumbar
scoliosis for primary pathology and lacked details for adult
scoliosis with a steep thoracic curve. Third, since the tar-
get cases were mainly scoliosis, there were few cases of
adult scoliosis with steeper coronal curve than scoliosis
in our series. Since the intraoperative navigation system
is useful for screw insertion, especially in adult scoliosis
with high-grade Cobb angles of > 60° [28], its accuracy in
cases with larger Cobb angles is unknown. However, the

ment screw was located around the UIV. In cases 29-33, the mis-
placement screw was located around the apical vertebra. UIV upper
instrumented vertebra

present study results provide useful information regarding
the characteristics of PS misplacement using the freehand
technique in DS surgery.

In conclusion, PS insertion using the freehand tech-
nique is an accurate, reliable, and safe method in DS
surgery. The characteristics of PS misplacement include
patients with high coronal curve and high apical vertebral
rotation. Analysis of misplacement in each case high-
lighted the need to pay attention to the area around the
transitional vertebra.
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Fig.3 Representative case
with grade-D misplacement.

A Preoperative full-standing
radiograph. B Preoperative L2
vertebral rotation. C Postopera-
tive full-standing radiograph. D
Postoperative left L2 pedicle-
screw misplacement
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