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ABSTRACT

Objective: We evaluated a free-hand technique and a three-di-
mensional computerized tomography (3D-CT)-assisted naviga-
tion technique, which are pedicle screw placement techniques
used in spinal surgery, regarding screw placement and reliability.

Materials and Methods: A total of 1664 screws in 73 patients
with spinal deformities who underwent spinal instrumentation
using pedicle screws were evaluated in this study. Forty patients
were in the free-hand technique group, and 33 patients were in
the 3D-CT-assisted navigation technique group. The placement
and reliability of pedicle screws in all patients were evaluated us-
ing the Gertzbein—-Robbins classification using CT images taken
in the postoperative period.

Result: There were no significant differences found regarding
age, body mass index (BMI), sex (female or male), or deformity
(scoliosis or kyphosis) (p>0.05). When the pedicle screws were
evaluated in terms of transverse penetration, the 3D-CT-assisted
navigation technique was determined Grade A (89.6%), as was
the free-hand technique (76.5%), but the 3D-CT-assisted navi-

OZET

Amag: Spinal cerrahide kullanilan pedikil vida yerlestirme tek-
niklerinden serbest el teknigi ve U¢ boyutlu bilgisayarli tomografi
(3D-BT) destekli navigasyon teknigi, vida yerlestirme ve giiveni-
lirlik agisindan karsilastirildi.

Gereg¢ ve Ydntem: Pedikil vidasi ile spinal enstrimantasyon
uygulanan 73 spinal deformiteli hastanin toplam 1664 vidasi ¢a-
lismada degerlendirildi. Serbest el teknigi grubunda 40 hasta
ve 3D-BT destekli navigasyon teknigi grubunda 33 hasta vard.
Pedikdl vidalarinin tim hastalarda yerlestirilmesi ve guvenilirli-
gi, ameliyat sonrasi dénemde ¢ekilen BT goéruntileri kullanilarak
Gertzbein-Robbins siniflamasi kullanilarak degerlendirildi.

Bulgular: Yas, viicut kitle indeksi (VKI), cinsiyet (kadin veya erkek)
ve deformite (skolyoz veya kifoz) agisindan gruplar arasi anlamli
fark bulunmadi (p>0,05). Pedikil vidalan transvers penetrasyon
acisindan degerlendirildiginde, 3D-BT destekli navigasyon tek-
niginde Grade A (%89,6), serbest el tekniginde Grade A (%76,5)
olarak belirlendi. 3D-BT destekli navigasyon teknigi trasvers pe-
netrasyon agisindan istatistiksel olarak daha givenilir tespit edil-
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gation technique was statistically more reliable (p<0.001). When
the pedicle screws were evaluated in terms of anterior penetra-
tion, both the 3D-CT-assisted navigation technique (92.5%) and
the free-hand technique (82.9%) were determined Grade A, but
the 3D-CT-assisted navigation technique was statistically more
reliable (p<0.001).

Conclusion: According to our study’s results, the 3D-CT-assist-
ed navigation technique is more reliable than the free-hand
technique in surgeries involving spine deformities for pedicle
screw insertion.

Keywords: Spine deformity, navigation, posterior instrumenta-
tion

di (p<0,001). Pedikil vidalari anterior penetrasyon acisindan de-
Jerlendirildiginde, hem 3D-BT yardimli navigasyon tekniginde
Grade A (%92,5) ve serbest el teknigine Grade A (%82,9) olarak
belirlendi. 3D-BT yardimli navigasyon teknigi anterior penet-
rasyon acisindan istatistiksel olarak daha glvenilir tespit edildi
(p<0,001).

Sonug: Calismamizin sonuglarina gére, omurga deformitelerini
iceren ameliyatlarda pedikil vidasi yerlestirmede 3D-BT destekli
navigasyon teknigi serbest el teknidi ile karsilastinldiginda daha
guvenilirdir.

Anahtar Kelimeler: Omurga deformitesi, navigasyon, posterior
enstriimantasyon

INTRODUCTION

The first posterior spinal fusion surgery was performed by
Hibbs in 1911 (1). In the 1950s, Harrington started a new
period in posterior spinal instrumentation by developing
a hook and rod system that could perform traction and
compression (2). By the 1990s, pedicle screws were being
used in posterior spinal instrumentation.

Pedicle screw placement techniques are divided into free-
hand techniques and imaging-guided techniques. In the
free-hand technique, pedicle screws are placed using the
pedicle probe, taking into account the spine anatomy and
various anatomical landmarks. The freehand technique re-
quires detailed preoperative planning. This technique has a
higher learning curve that can be achieved with higher prac-
tice (3). There are two types of imaging-guided techniques:
fluoroscopy-guided and navigation-guided. In the fluoros-
copy-guided technique, the most important advantages
are the control of the screw entry site and the screw delivery
axis. However, it is a disadvantage that the imaging can be
done in 2 plans. 3D imaging and cross-sectional imaging
provide additional advantages in the navigation-guided
technique. Ughwanogho et al. evaluated the placement ac-
curacy of 485 thoracic pedicle screws and found significantly
less unsafe screw placement with the navigation technique
compared to the free-hand technique (4).

In this study, we aimed to compare the accuracy of ped-
icle screw insertion using both a free-hand technique
and an intraoperative 3D-CT-assisted navigation system
in patients undergoing posterior spinal instrumentation
due to deformity.

MATERIALS and METHODS

Patient selection

In inclusion criteria for the study, it was determined that
the patient had been operated on for scoliosis or kyphosis,
the main curvature was 40 degrees and above in scolio-
sis patients, the cobb angle was 70 degrees and above in

kyphosis patients, the patient had a CT scan taken for fu-
sion control in the postoperative one year, and the patient
consented to participate in the study. In exclusion crite-
ria from the study, it was determined that the patient had
been operated on with diagnoses other than kyphosis or
scoliosis, surgeries performed for cosmetic purposes, and
the patient did not consent to participate in the study. Sev-
enty-three patients who underwent surgery in our clinic to
correct a spinal deformity (scoliosis or kyphosis) between
January 2017 and December 2018 were retrospectively in-
cluded in the study. Informed consent was obtained from
all participants. The ethics committee approved the study
(Date:15.01.2019, No:2019-1/34), which was conducted as
a thesis of specialization in medicine (Number: 536843).
The patients were grouped according to their surgeries’
pedicle screw placement technique: 33 patients were in
the 3D-CT-assisted navigation technique group (the Nav
group), and 40 patients were in the free-hand technique
group (the F-H group). As an adjunct, all patients’ sensory-
and motor-evoked potentials were monitored.

Methods

The patients’ postoperative 1-year CT images were eval-
uated using a picture archiving and communication sys-
tem (PACS). The evaluation was performed separately
for cases of transverse penetration of the pedicle (me-
dial or lateral) and penetration of the vertebral corpus
(anterior). Screw penetration was graded according to
the Gertzbein-Robbins classification (Figure 1a, b, ¢, d,
e) (5-6). The thoracolumbar spine was divided into 4 re-
gions: upper thoracic, mid-thoracic, lower thoracic, and
lumbosacral regions. The thoracic spine was divided into
three anatomical regions and examined. It was defined
as the upper thoracic region between the T1-T4 verte-
brae, the mid-thoracic region between the T5-T8 verte-
brae, and the lower thoracic region between the T9-T12
vertebrae. All CT scan evaluations were performed by a
single orthopedic surgeon. In addition, age, body mass
index (BMI), and gender data were recorded from epide-
miological data.
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Figure 1: a) Gertzbein ve Robins classification Grade A: any penetration b) Gertzbein ve Robins classification Grade B:
<2 mm. c) Gertzbein ve Robins classification Grade C: 2-4 mm d) Gertzbein ve Robins classification Grade D: 4-6 mm

e) Gertzbein ve Robins classification Grade E>6 mm

Surgical techniques

During spinal surgery, all patients lay in the prone po-
sition on radiolucent operating tables. Soft pads were
placed under their chests and shoulders. All patients
had undergone prophylaxes for infection and venous
thromboembolism. Intravenous tranexamic acid and
intracutaneous and subcutaneous epinephrine were
used to reduce blood loss in patients without contra-
indication (7-8). A midline incision was used in all pa-
tients (8).

In the Nav group, a reference frame was placed in one of
the spinous processes for spinal navigation after open-
ing. Then, a CT scan was acquired, and intraoperative CT
images were processed and transferred to the navigation
system. Screw length, diameter, entry point, and trajec-
tory were dictated by the navigation system. After the
screw entry point was determined, it was pierced using
a straight awl. With the assistance of navigation, pedicle

screws of appropriate length and diameter were inserted,
the placement of which was checked on the navigation
monitor (Figure 2).

Inthe F-H group, pedicle screw placement was performed
according to Roy-Camille et al.’s technique (9). After the
screw entry point was determined, it was pierced with a
straight awl. The depth was checked using a probe. Then,
pedicle screws of appropriate length and diameter were
placed. After all screws had been inserted, fluoroscopy
was used to adjust the position of the screws.

Postoperative management

Respiratory physiotherapy was started immediately after
surgery. On the 1% postoperative day, the drains of all pa-
tients were removed, the patients were mobilized, and
physiotherapy was started. Antibiotic prophylaxis was
administered to the patients for 24 hours postoperative-
ly (Cefazolin sodium). Deep vein thrombosis prophylax-
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Figure 2: The insertion of pedicle screw under the
navigation guidance

is was applied to the patients for 21 days (Antiembolic
stockings and enoxoparin sodium 4000IU 1x1). A dress-
ing was applied to the patients every two days, and su-
tures were removed on the 14" postoperative day. The
patients were followed up with x-rays on the 15 day, 1%
month, 3 month, 6" month, and 1% year, and a CT scan
was performed for fusion control in all patients in the
postoperative 1 year.

Statistical analysis

Statistical analysis was performed using SPSS ver. 22.0
(IBM Corp., Armonk, NY). Number and percentage values
from the descriptive data were used. Whether the data fit
the normal distribution was checked with the Kolmogor-
ov-Smirnov test. An independent sample T-test was used
to compare parametric data. Pearson’s chi-squared and
Yate's corrected chi-squared tests were used to compare
categorical data. The accepted degree of statistical sig-
nificance was p<0.05.

RESULTS

The differences in characteristics between the two groups
were compared. There were no significant differences
found regarding age, body mass index (BMI), sex (female
or male), or deformity (scoliosis or kyphosis) (p>0.05) (Ta-
ble 1). No decrease in sensory- and motor-evoked po-
tentials was observed in all patients in both groups on
peroperative neuromonitoring.

At the T1-S1 vertebral level, 962 screws in the F-H group
and 702 screws in the Nav group were inserted. Both
groups used the least number of screws, 2, in T1. The
largest number of screws inserted in one place was 56 in
the F-H group (T3) and 72 in the Nav group (T12).

Tranverse penetration

According to the Gertzbein-Robbins classification for
transverse penetration, 1365 screws were Grade A, and
299 were non-Grade A (Grade B, C, D, E) (Table 2). The
Nav group showed more accuracy (Grade A: 89.6%) than
the F-H group did (Grade A: 76.5%), a finding that was

statistically significant (p<0.05). There were 299 screws
with transverse penetration (not Grade A): 179 were me-
dial (592.9%), and 120 were lateral (40.1%). There were no
significant differences found in either group regarding
screw direction (p>0.05) (Table 3).

Three regions make up the thoracic vertebrae, de-
pending on pedicle size: upper, mid, and lower. The
Nav group showed more accuracy than the F-H group
in each thoracic region, as well as the lumbosacral re-
gion (p<0.05). In the F-H group, screws placed in the
lumbosacral region were the most accurate (p<0.05).
In the Nav group, no significant differences were found
(p>0.05) (Table 4).

Anterior penetration

According to the Gertzbein—Robbins classification for
anterior penetration, 1495 screws were Grade A, and
169 were non-Grade A (Grade B, C, D ,E) (Table 5). The
Nav group had more accuracy (Grade A: 92.5%) than
the F-H group did (Grade A: 87.9%), a finding that was
statistically significant (p<0.05). The Nav group showed
more accuracy than the F-H group in the upper thoracic
region, but there were no differences in the other re-
gions (p<0.05). In the F-H group, screws placed in the
lower thoracic region were the most accurate (p<0.05).
In the Nav group, the lower thoracic and lumbosacral
regions had more accurate placements than the other
regions (p>0.05) (Table 6).

DISCUSSION

Several studies in the literature have compared the
3D-CT-assisted navigation technique with various other
techniques (fluoroscopy, 2D navigation, preop BT naviga-
tion, and robotics), while others have evaluated the pen-
etration rates of this technique directly (5). Most of those
involved in the research have been trauma patients, but
some were patients with lumbar degeneration. Publica-
tions that compare free-hand and 3D-CT-assisted navi-
gation techniques in patients with spinal deformities are
limited; therefore, the difference between the two tech-
niques is not clear (10).

Jin et al. compared screw placements performed with
the free-hand and 3D-CT-assisted navigation techniques
in patients with neurofibromatosis type 1 scoliosis at the
apical regions of the deformity (11). Screw positions were
evaluated according to the Gertzbein—Robbins classifica-
tion. Penetration of Grades C, D, and E was accepted.
In the free-hand group, transverse penetration was 32%
(14% medial and 18% lateral), and anterior penetration
was 1%. In the 3D-CT-assisted navigation group, trans-
verse penetration was 18% (2% medial and 16% lateral),
and anterior penetration was 3%. In our study, the ante-
rior penetration rates were higher. Also, while Jin et al.
documented more lateral than medial penetrations, we
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Table 1: Group demographics and deformities

F-H Group n (%) Nav Group n (%) p value

Gender Male 19 (47.5) 12 (36.4) 0.471
Female 21 (52.5) 21 (63.6)

Deformity Kyphosis 9 (22.5) 4(12.1) 0.397
Scoliosis 31(77.5) 29 (87.9)

BMI <25 kg/m? 24 (60) 22 (66.7) 0.731
>25 kg/m? 16 (40) 11 (33.3)

Age <18 19 (47.5) 19 (57.6) 0.534
>18 21 (52.5) 14 (42.4)

BMI: Body mass index, F-H: Free-hand, Nav: Navigation

Table 2: Quantity of screws with transverse penetration
and penetration rates in each group

Table 5: Quantity of screws with anterior penetration

F-H Group n (%) Nav Group n (%) p value

and penetration rates in each group

A 736 (76.5) 629 (89.6)
B 116 (12.1) 39 (5.6)
o 59 (6.1) 14.(2)
0.000
D 39 (4.1) 11(1.6)
E 12(1.2) 9(1.3)
Total 962 702

F-H Group n (%)

Nav Group n (%) p value

A 846 (87.9) 649 (92.5)

B 89 (9.3) 21(34)

C 17 (1.8) 15 (2.1)

D 6(0.6) 7 (1) 0.000
E 4(0.4) 7(

Total 962 702

F-H: Free-hand, Nav: Navigation

Table 3: Quantity of screws with transverse penetration
and penetration rates in each group, categorized by
direction

F-H: Free-hand, Nav: Navigation

F-H Group n (%) Nav Group n (%) p value

Medial

Lateral

134 (59.3) 45 (61.6)
92 (40.7) 28 (38.4)

0.722

F-H: Free-hand, Nav: Navigation

found no significant difference regarding penetration ori-
entation in our study (11).

Although Zhao et al. used a different classification system
when evaluating scoliosis patients’ screw positions (i.e.,
Grade 0: no penetration, Grade 1: <1 mm penetration,
Grade 2: 1-3 mm penetration, and Grade 3: >3 mm pen-
etration), they did compare the free-hand and 3D-CT-as-
sisted navigation techniques (12). Allowing Grades 2 and
3 to be accepted as penetration, the penetration rate

Table 4: Quantity of screws with transverse penetration and penetration rates, categorized by vertebral region

Region Group Grade A n (%) Grade B,C,D,E n (%) p value

Upper F-H Group 91 (71.1) 37 (28.9) 0.002

Thoracic Nav Group 122 (87) 18 (12.9)

Mid F-H Group 179 (69.1) 80 (30.9) 0.000

Thoracic Nav Group 156 (87.2) 23(12.8)

Lower F-H Group 210 (76.6) 64 (23.4) 0.000

Thoracic Nav Group 160 (92) 14 @®)

Lumbosacral F-H Group 256 (85) 45 (15) 0.045
Nav Group 191 (91.4) 18 (8.6)

F-H: Free-hand, Nav: Navigation
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Table 6: Quantity of screws with anterior penetration
and penetration rates, categorized by vertebral region

Grade A GradeB,C, p

Region Group n (%) D.E n(%) value
Jpper G';':p 90703 380297 002
G’:]cijp 121(86.4)  19(13.6)
we Gz’:p 220849 39051 0%
G':'j:p 163(91.1)  16(8.9)
Troracic  Group 20049 1an) 7
G’:';le 167 (96) 74
Lumbosacral F-H 276 (91.7) 25(8.3) 0.116
Group
G':'oa:p 198(95.7)  9(4.3)

F-H: Free-hand, Nav: Navigation

was 18.4% using the free-hand technique and 12.1% us-
ing 3D-CT-assisted navigation. Zhao et al. also reported
that the rate of pulmonary effusion was higher in the free-
hand technique group (12).

Qiao et al. compared free-hand and 3D-CT-assisted nav-
igation techniques when placing screws in patients with
scoliosis due to Marfan syndrome (13). Pedicle screw
placements were categorized according to the Gertzbe-
in—Robbins classification. Unlike our and others’ studies,
Qiao et al. reported that, regarding all screws, penetra-
tion rates in the thoracic vertebrae were lower than in
the lumbar vertebrae (22.3% and 34.1%, respectively)
(13). They hypothesized that this difference could be ex-
plained by the fact that those with Marfan syndrome have
thinner pedicles in the lumbar vertebrae. When compar-
ing surgical techniques, the study’s results showed that
3D-CT-assisted navigation (11.4%) was more successful
than free-hand (30.8%).

Urbanski et al. researched screw placement in patients
with idiopathic scoliosis and found no significant differ-
ence between the penetration rates of the 3D-CT-assist-
ed navigation technique group (17.97%) and the free-
hand technique group (17.08%) (10). They also found that
in both groups, the highest penetration rate was in the
upper thoracic region.

Mobile CT device is used in 3D-CT-assisted naviga-
tion systems. These devices can never reach the res-
olutions of conventional CT devices. Therefore, mal-

positions can be seen even in pedicle screws placed
with a 3D-CT-assisted navigation system. Therefore, in
our study group, all patients were examined in terms
of screw malposition using postoperative convention-
al CT methods. Screw malpositions that could not be
detected in peroperative CT were detected with con-
ventional CT.

There are some limitations to our study. First, a radiolo-
gist was not involved in the study; all radiological evalu-
ations were performed by an orthopedic surgeon spe-
cializing in spine surgery. In addition, interobserver and
intraobserver reliability were not evaluated in the study.
Second, only anatomical evaluations were performed
(i.e., the effects of the surgeries on the patients were not
evaluated), and pedicle screw malposition does not al-
ways cause problems in the clinic. In addition, the small
number of samples and the lack of power analysis are
other limitations of the study.

CONCLUSION

In our study, the 3D-CT-assisted navigation technique
demonstrated lower transverse and anterior penetration
rates compared to the free-hand technique at all levels.
Also, no significant difference was found between medial
and lateral transverse penetration orientations.
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