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Objective. To analyze intraoperative data and results of treatment of patients with idiopathic scoliosis with two options of the open inser-
tion of pedicle screws using the free-hand technique.

Material and Methods. The data of 457 patients aged 16—35 years who underwent surgical treatment for idiopathic scoliosis by one sur-
geon were analyzed. In 236 patients (Group 1), the screws were placed manually, and in 221 (Group II) — using power tool. The prepa-
ration of the canal for pedicle screws in both groups was performed using the free-hand technique. The correct position of the screws was
assessed intraoperatively using an image intensifier and neurophysiological monitoring. The duration of surgery and X-ray monitoring,
blood loss, and the presence of intra- and postoperative complications were assessed.

Results. In Group I, 4243 screws were inserted, and in Group II — 3978. The correct position of pedicle screws was recorded in 89.1 %
of cases in Group I, and in 89.6 % of cases in Goup II. In Group I, the incorrect position of anchor elements was detected in 10.9 % of cas-
es, and in Group II — in 10.4 % of cases. The number of screws re-positioned intraoperatively corresponded to the number of incorrectly
positioned screws. There was a statistically significant difference in the volume of intraoperative blood loss and duration of surgery be-
tween patients of both groups (p < 0.05).

Conclusion. The development and active introduction of high-tech methods of surgical treatment of spinal deformities increase the num-
ber of interventions performed annually. The proposed combined method of surgical treatment seems to be optimal because manual for-

mation of the canal reduces the risk of intraoperative complications, and the use of power tool during screw placement shortens duration

of surgery and reduces blood loss.
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Scoliosis is a three-dimensional spine
deformity, the causes of which may be
different. One of the most common types
is idiopathic scoliosis [1, 2]. In the United
States, this pathology occurs in 1-3 % of
the country’s population and forms the
largest group of spinal curvatures [3, 4.
In Russia, there is no exact information
on the incidence, however, according
to various sources [5, 6], it varies from 2
to 10 %, accounting for 50-80 % of all
spinal deformities.

Spontaneous deformity onset and
rapid progression often lead to a cosmet-
ic defect (gibbous costalis), which, cou-
pled with orthopedic problems, causes
social alienation of such patients [7]. Ear-
ly detection and conservative treatment

are crucial for preventing disease pro-
gression. At the same time, 1-5 % of all
patients suffering from idiopathic scolio-
sis require surgical treatment [§].

The introduction of the 3rd genera-
tion instrumentation by Cotrel et al. [9]
enabled a significant breakthrough in
treating idiopathic scoliosis. Many studies
compared hook systems with screw ones
[10-14], assessed the safety and risks of
complications for patients [15-17]; nota-
bly, most researchers came to the con-
clusion that the method of choice is a
screw-only arrangement [18-20].

Thus, at the moment, the gold stan-
dard of surgical treatment of idiopathic
scoliosis is posterior correction with
pedicle screws inserted by the free-hand
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technique [21], which allows screws
to be inserted both in the thoracic
and lumbar spine without constant
X-ray monitoring. The technique has
been actively developed and widely
used around the world, while a num-
ber of studies [22-24] have shown
that orthopedists are the leaders in
its using for injuries of the muscu-
loskeletal system, particularly, hand
and the entire upper limb.

To facilitate and speed up the using
of methodology developed by Lenke
[21], Seehausen et al. [25] suggested in
2015 the use of power tools to form a
transpedicular canal and install a screw,
and also compared this technology
with using hand tool technique. The
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researchers concluded that the use of
power tools reduces the surgery time,
decreases the risk of screw revision,
and also poses an equally low risk of
patient injury. Further studies of the
Seehausen technique were reflected in
the papers that considered the advan-
tages and disadvantages of this tech-
nique [26, 27].

The multicentric study presented by
Skaggs et al. [28] in 2021 showed that
formation of a transpedicular canal
using hand and power tools gives sim-
ilar results in terms of the number of
intraoperative injuries and screw revi-
sions. Despite this, many surgeons
still doubt using power tools to form
a canal in the vertebral pedicle and
insert the screw due to the expected
high risks of damaging neural struc-
tures and great vessels. To make this
technique popular, we propose a com-
bined method of forming a canal and
inserting a pedicle screw.

The objective is to analyze intraop-
erative data and the results of treating
patients with idiopathic scoliosis under
two options for open insertion of pedicle
screws using the free-hand technique.

Material and Methods

Design: retrospective single-center study.

Patients

A retrospective analysis of the data
on 457 patients aged 16-30 years who
underwent surgical treatment of idio-
pathic scoliosis from the posterior
approach was carried out. All surgeries
were performed by one surgeon. The
inclusion criteria:

— idiopathic scoliosis of the thoracic,
thoracolumbar and lumbar localization;

- no previous surgical interventions
on the spine;

— no cancer diseases.

The patients were divided into
2 groups. The study group (Group I)
consisted of 236 patients who under-
went surgery in the period from January
1 to December 31, 2019 with only man-
ual installation of pedicle screws. The
control group (Group II) included 221
patients who underwent surgery in the
period from January 1 to December 31,

2021; pedicle screws wete inserted using
power tool (a medical drill).

The average period of postopera-
tive follow-up in Group I was 275+ 7.1
months, in Group II — 8.2 + 4.8 months.

Technique

The canal was prepared for inser-
tion of pedicle screws in both groups
using the free-hand technique. After
the standard stages of surgical access to
the posterior elements of the vertebrae,
facetectomy throughout the area of pre-
planned instrumentation, and determina-
tion of the screw insertion point, the cor-
tical plate was perforated with an awl in
the area of the pedicle projection, and a
foramen primum was formed with a filler,
palpating the walls and the bottom (it is
important that they are osteal over the
whole circumference of the foramen),
the length of the screw stroke was deter-
mined, the screw thread was cut with a
tap, after which the screw was inserted
either manually (with a screwdriver) or
using power tool [29].

The correct position of the pedicle
screws was assessed and confirmed intra-
operatively using image intensifier and
neurophysiological monitoring. In case
of an unsatisfactory position of a screw,
the procedure was redone.

The following factors indicated an
incorrect screw position during an intra-
operative X-ray study:

— a screw passing medially or laterally
from the pedicle on an anterioposterior
X-ray image;

— a screw does not cross the medial
part of the pedicle on an anterioposterior
X-ray image;

— a crew passes above or below the
pedicle on a lateral X-ray image [29].

Neurophysiological monitoring was
performed to prevent conduction and
radicular neurological complications.
The modalities of motor and somato-
sensory evoked potentials, spontaneous
EMG, and pedicle screw test were used.
Muscle responses were recorded using
needle electrodes in a segmental arrange-
ment, based on a surgery level. In the
pedicle screw test, stimulation was per-
formed by manual testing, with single
stimuli for the lumbar level, and trains of
5 stimuli for the thoracic level. The stimu-
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lation intensity was 2—-20 mA, the stimu-
lus duration was 200 us, a stimulation
level of 8 mA was used as a safety crite-
rion, no muscle response occurred. EMG-
responses were assessed in the absence of
muscle relaxation, under the control of
neuromuscular block assessment. In our
study 38 screws were reinserted follow-
ing intraoperative monitoring.

Preoperative studies included MRI
and CT of the entire spine, postural
X-rays in two projections, and bending
test. Case records were analyzed to detet-
mine the patient’s age at the time of sur-
gery, gender, body mass index, diagnosis,
chronic diseases, as well as any postop-
erative complications. Procedure reports
were analyzed to assess surgery duration
and image intensifier control, the vol-
ume of blood loss, and any intraoperative
complications associated with preparing
a pedicle canal or screw placement.

Correct postoperative screw position-
ing was checked by X-ray control. Rou-
tine CT-study was not performed.

Postoperative complications were
assessed using the Clavien-Dindo clas-
sification modified in 2022 for patients
with idiopathic scoliosis [30].

Statistical analysis

Data for descriptive statistics are pre-
sented as M = SD, where M is the mean
trait value, SD is the standard deviation.
The frequency characteristics of numeri-
cal criteria were compared by Fisher’s
exact test. The differences between the
compared groups were considered sta-
tistically significant at p < 0.05. Statis-
tical analysis was carried out using the
Mann-Whitney U-test, the Pearson’s chi-
squared test using Microsoft Office Excel
and Statistica 12.0.

Results

Case records and surgical protocols of
457 patients were analyzed. The com-
pared groups are matched in terms of
the main characteristics of patients,
including comorbidities (Table 1).

The total number of pedicle screws in
both groups was 8681. The groups did
not have significant differences in char-
acteristics related to the level of fixation
(in both groups, most of the anchoring
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elements were installed in the thoracic
spine), the correct position of screws,
and the frequency of their repositioning,
There were no injuries of the dura mater
due to canal formation or during screw
insertion in both groups (Table 2).

At the same time, when assessing the
volume of intraoperative blood loss and
the surgery duration, a statistically sig-
nificant difference was revealed between
patients of both groups (p < 0.05); the
time needed for image intensifier control
in the groups turned out to be compa-
rable (Table 3).

In Group I, postoperative grade 1
complications according to Clavien-
Dindo were diagnosed in 92 (38.9 %)
patients, and grade II - in 23 (9.7 %),
which practically did not differ from
Group II, where grade I complications
were noted in 87 (394 %) patients, grade
II - in 22 (9.6 %). None of the patients
in both groups had complications of III,
IV (a, b) and V grades. Grade I complica-
tions corresponded to p = 0.684; grade
I -top=0.573.

Discussion

Idiopathic scoliosis is one of the most
common diseases of the musculoskele-
tal system all over the world (1, 2], man-
ifesting, as a rule, during a period of
intensive growth in adolescence, more
often in females, as noted in our study.
Consetvative methods of treatment that
make it possible to timely diagnose and

surgery until the end of bone growth
[31-33] are not always effective, and
surgical treatment is often necessary.

For us, the key factor in choosing a
treatment method is a patient and a sur-
geon safety. In scoliosis correction, we,
like most researchers, use neurophysi-
ological monitoring [34—30] in addition
to image intensifier control to prevent
conduction and radicular neurological
complications. This technique allows
minimizing the risks of incorrect inser-
tion of screws. A high level of reliabil-
ity of intraoperative monitoring in the
surgical treatment of idiopathic scoliosis
has been repeatedly demonstrated eat-
lier [37, 38].

[t should be noted that the pedicle
screws insertion using hand tools is asso-
ciated with certain oscillatory motions. It
may change a screw trajectory and dis-
rupt the bone walls of an earlier formed
canal. Cadaveric studies have shown
that power tools reduce screw sway dur-
ing insertion [39]. Our study also con-
firms the effectiveness of power tool for
implanting anchoring elements.

Seehausen et al. [25] paid special
attention to selecting the instrument
power during canal formation. The
authors pointed out that this is a key fac-
tor, which can lead to damaging vascular
structures as well as other complications.
In our study, this indicator could not be
monitored due to the lack of auto-regu-
lation of speed and power, and therefore
the parameters of power tool were con-

correct a deformity or postpone the | trolled by the surgeon.

Table 1

Characteristics of patients of the studied groups

Indicator Group I (n = 236) Group II (n = 221) p
Average age, years 19.5+1.8 203+ 1.4 0.961
Gender, n %
Male 93 (39.4) 90 (40.7) 0.287
Female 143 (60.6) 131 (59.3)
Body mass index, kg/m? 20.9 + 2.7 21.5+23 0.385
Chronic diseases, n (%)
Diabetes mellitus 3(1.3) 2 (0.9) 0.752
Gastritis 8(3.4) 7(3.2) 0.845
First grade obesity 4(1.7) 3(1.4) 0.687
Hypotheriosis 3(1.3) 4(1.8) 0.697
14

The Clavien-Dindo classification of
the grades of postoperative complica-
tions, first proposed in 1992, included
four grades [40]. In 2004 it was expanded
to seven grades by adding life-threaten-
ing conditions and long-term disability
[41]. In 2022 a modification of this clas-
sification for patients with idiopathic
scoliosis was proposed [30], which we
employed in our work. The first expe-
rience of its use allows us to confirm a
more objective assessment of all compli-
cations, particularly, identifying a number
of minor complications, which are often
not reflected in most studies. Implement-
ing this classification into the work of the
department will facilitate development
of an adapted Russian-language ver-
sion of the classification for subsequent
implementation in wide clinical practice.

The study showed that using power
tool to install pedicle screws does not
increase the risk of complications: none
of the patients required revision inter-
vention during the entire follow-up
period. At the same time, the volume of
blood loss and the duration of the sut-
gery with the use of power tool turned
out to be less. Although other authors
do not point at any statistically signifi-
cant difference in these indicators [25,
28], believing that special care is required
when preparing a transpedicular canal
with power tool during its formation in
the vertebral pedicle, increasing the sut-
gery time and blood loss.

Conclusion

Continuous improvement of surgical
techniques, development of the qual-
ity of the surgeons’ knowledge and
skills, introduction of new methods of
treatment and diagnostics contribute
to better surgical care. The proposed
combined method of pedicle screw
insertion with comparable risks of
intraoperative complications can reduce
surgery duration and blood loss.

To assess long-term results, further
studies are needed including multicentric
ones which will allow a more detailed
analysis of the effectiveness and safety of
power tool in the surgical treatment of
patients with idiopathic scoliosis.
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Table 2 Particular interest may represent the
Comparative characteristics of installed screws in the studied groups effect of the pedicle screw insertion tech-
nique on damage to the hand and the

Indicator Group I Group 11 p entire upper limb of the surgeon beyond

(n=236)  (n=221) the scope of this study. It is not yet pos-

sible to evaluate this indicator, although

Total number of screws, n 4243 3978 0.275 the use of combined canal formation and
Screws in the thoracic spine, n (%) 2593 (61.6) 2649 (66.6)  0.301 the insertion of a pedicle screw may have

Screws in the lumbar spine, n (%) 1650 (38.9) 1329 (33.4)  0.123 a positive effect on these indicators.

Correct screw position, n (%) 3778 (89.1) 3562 (89.6) 0.189 Limitations on the Sludy Z}dlldllLy
Incorrect screw position, n (%) 465(10.9) 416 (10.4)  0.354 The study is a single-center retrospective,
Screws re-positioned intraoperatively, n 465 416 0.265 with all surgical interventions performed
Dura mater damage due to the formation of a canal 0 0 — by one surgeon with extensive (more
or during screw insertion, n than 10 YCHI'S) experience in instrumen-

tal fixation of the spine, which eliminates

the influence of the learning curve for
Table 3 installing pedicle screws.
Comparison of the studied groups according to the surgery duration, image intensifier control

and the level of blood loss

Indicator Group I Group II P
(n = 236) (n=221)
Surgery duration, min 260.8 + 77.5 242.1 +£55.3 0.034
Duration of image intensifier control, min 53+1.8 55+1.6 0.512
Blood loss, ml 950.4 + 173.2 876.4 +167.5  0.041 The study had no sponsors. The authors declare that
they bave no conflict of interest.
15
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