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Background and objective

There are still a few researches accomplished to evaluate the advantages and disadvantages of screw, hybrid, and hook tech-
niques in the treatment of adolescent idiopathic scoliosis. As the results are controversial, researchers still look for optimally
safe, least traumatizing and economically reasonable methods to treat spinal deformities. The aim of this study is to analyze
postoperative spine deformity correction results for Lenke type 1 dependent on fixation type and preoperative bending films.

Patients and methods

A retrospective study was performed. Patients admitted to the Children’s Hospital, Affiliate of Vilnius University Hospital San-
tariskiu Klinikos Orthopedic Department in the period of 1994-2013 were included; 74 cases were analyzed. Three groups
according to spine implants were generated. The first included patients treated with pedicle screw fixation, the second -
hybrid, and the third — hook fixation. Inclusion criteria: the adolescent age group (10-18), idiopathic scoliosis Lenke | type
who undergone posterior spinal fusion with pedicle screws; hybrid fixation and hook application were evaluated in order to
compare curve correction dependence on fixation type and curve flexibility. Thoracic and lumbar curve measurements on
the coronal plane were performed using the Cobb technique applied on anterior posterior radiographs taken before and
two days after surgery. Also, to measure curve flexibility, preoperative passive standing bending films were analyzed. Curve
degrees in preoperative passive bending films were compared with the remaining postoperative spinal curves in groups
separately. The remaining postoperative curves were compared respectively.
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Results

In total, 74 cases met the inclusion criteria, of them 67 (90.50%) girls and 7 (9.50%) boys. The mean preoperative thoracic
Cobb angle was 51.07° (£6.20) in the screw group, 52.88° (+7.26) in the hybrid and 55.45° (£10.94) in the hook group. To
compare the preoperative stiffness of the curves, the flexibility % was calculated, with no difference in the groups (p > 0.05).
The mean postoperative thoracic Cobb curve angle was 15.81° (+5.28), 21.63° (£6.89), and 27.55° (+8.25), respectively. The
mean correction of the thoracic curve was 68.87% in the screw group, 58.76% in the hybrid and 50.27% in the hook group.
The mean preoperative lumbar curve Cobb angle was 32.07° (£5.73) in the screw group, 32.50° (+12.33) in the hybrid and
34.74° (+7.50) in the hook group. The mean postoperative lumbar curve Cobb angle was 7.59° (+6.63), 10.94° (+7.52), and
16.06° (+6.89), respectively. The mean correction of the lumbar curve was 75.58% in the screw group, 66.27% in the hybrid
and 53.53% in the hook group. The fixation level according to groups: screw Th4-L1, hybrid Th3-L3, hook Th3-L3.

Conclusions

The thoracic curve tends to recover more than the curve remaining in the lateral bending film. Only screw fixation is able to
correct the lumbar curve for the Lenke type 1 as it is expected in the remaining lateral bending curve. Thoracic and lumbar
deformity using screw fixation recovers on the average by 20% more than hook and by 10% more than hybrid application.
The pedicular screw construct is shorter and is able to correct the thoracic curve whatever the modifier type (A, B or C); how-
ever, the lumbar curve correction drops when the modifier type is B or C. The other operative methods are less effective to
correct both thoracic and lumbar curves whatever the modifier type and also tend to lose the correction % for types 1B or 1C.

Key words: adolescent idiopathic scoliosis, pedicular screws, hook fixation, hybrid fixation, bending X-rays, flexibility

Darbo tikslas
Jvertinti Lenke | tipo stuburo deformacijos korekcijos rezultaty priklausomybe nuo fiksacijos budo ir stuburo mobilumo.

Ligoniai ir metodai

Atlikta retrospektyvi vaiky, operuoty Vilniaus universiteto Vaiky ligoninés ortopedijos ir traumatologijos centre 1994-
2013 metais dél idiopatinés paaugliy skoliozés, analizé. ISanalizuoti 74 atvejai. Ligoniai suskirstyti j tris grupes: | — atlikta
nugariné spondilodezé, pedikuliné fiksacija sraigtais, Il - nugariné spondilodezé, misri fiksacija ir [l - nugariné spondilodezé,
fiksacija kabliukais. Jtraukimo kriterijai: 10-18 mety amziaus vaikai, turintys idiopatine skolioze pagal Lenke I tipo klasifikacija.
Jiems buvo atlikta uzpakaliné spondilodezé su pedikuliniais sraigtais, kabliukais arba hibridiné fiksacija. Kratininiai ir juosme-
niniai stuburo iskrypimai koronarinéje plokstumoje buvo vertinti priekinéje ir uzpakalinéje rentgenogramose ir matuoti pries
operacijg ir 2 dienas po operacijos naudojant Cobbo metodika. Taip pat buvo jvertintos Soninio lenkimo rentgenogramos
siekiant iSmatuoti stuburo kreivés mobiluma pries operacija. Stuburo islinkimas Soninio lenkimo rentgenogramose pries ope-
racijg buvo palygintas su stuburo iSkrypimu po operacijos kiekvienoje grupéje.

Rezultatai

I$ 74 ligoniy 67 (90,50 %) buvo mergaités, 7 (9,50 %) berniukai. Pries operacija vidutinis kratininis iskrypimas: 51,07° (+6,20) -
I grupéje; 52,880 (+7,26) - ll grupéje ir 55,45° (£10,94) - Ill grupéje. Siekiant palyginti stuburo kreiviy standuma prie$ operacija,
buvo apskaiciuotas mobilumo procentas ir nebuvo rasta statistiskai reikSmingo skirtumo tarp grupiy (p>0,05). Po operacijos
vidutinis kratininis iSkrypimas | grupéje buvo 15,81° (£5,28), Il grupéje — 21,63° (+6,89) ir lll grupéje — 27,55° (+£8,25). Stuburo
iSkrypimas atsitaisé 68,87 % - I; 58,76 % — Il ir 50,27 % - Ill grupéje. Prie$ operacijg vidutinis juosmeninis iskrypimas buvo
32,07°(+5,73) - | grupéje, 32,50° (+12,33) — Il grupéje ir 34,74° (+7,50) — Il grupéje. Po operacijos — atitinkamai 7,59° (+6,63),
10,940 (+7,52) ir 16,06° (£6,89). Stuburo juosmeninés dalies iSkrypimas atsitaisé 75,58 % — I; 66,27 % — Il ir 53,53 % lll grupéje.
| grupéje fiksacijos lygis buvo Th4-L1, Il grupéje — Th3-L3, lll grupéje — Th3-L3.

ISvados

Kratininis iskrypimas atsitaiso daugiau, negu buvo tikimasi atlikus Soninio lenkimo rentgenogramas. Tik fiksacija sraigtais
atitaiso juosmeninj iskrypima tiek, kiek tikimasi atlikus Soninio lenkimo rentgenogramas. Fiksuojant sraigtais kratininis ir
juosmeninis iskrypimai atsitaiso vidutiniskai 20 % daugiau, negu fiksuojant kabliukais, ir 10 % daugiau, negu taikant misrig
fiksacija. Pedikuliniy sraigty konstrukcija yra trumpesné ir gali koreguoti kratininj stuburo iskrypima nepaisant islinkimo tipo
(A, B ar Q), taciau juosmeninio iSkrypimo korekcija blogéja esant B ar C tipui. Kiti operacijos metodai yra maziau veiksmingi
koreguojant tiek kratininj, tiek juosmeninj iSkrypima esant bet kuriam stuburo islinkimo tipui ir yra susije su korekcijos prara-
dimu esant 1B ir 1C tipui.

ReikSminiai Zodziai: jaunatviné idiopatiné skoliozé, pedikuliniai sraigtai, fiksacija kabliukais, hibridiné fiksacija, Soninio len-
kimo rentgenograma, mobilumas
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Introduction

Spinal implant constructs have developed over years
from in situ fusion and cast stabilization to non-segmen-
tal rods, to segmental wire fixation, to segmental hook
fixation, to segmental screw fixation and to segmental
hook and screw fixation [1]. Each improvement has
to be estimated, and it is important to find out which
surgical technique gives the best clinical benefits to the
patient.

The use of pedicle screw in lumbar curves improved
the correction and stabilization of various spinal defor-
mities, and some studies supported the advantages of
lumbar pedicle screws versus hook instrumentation [2,
3]. However, the use of pedicle screws in the thoracic
spine was not as widely adopted in AIS because of the
confined anatomic dimensions and morphologic distor-
tion of scoliotic pedicles, the close proximity of the spinal
cord to the concave pedicle, and the subsequent risk to
the spinal cord and visceral structures with screw malpo-
sition. Nevertheless, the application of pedicular screws
expands the potential of spinal deformity correction
in three dimensions, requires better correction results,
shorter fixation length and reduces the usage of thoraco-
plasty procedures as well as postoperative correction loss.

There were a few researches accomplished to evaluate
the advantages and disadvantages of screw, hybrid, and
hook techniques [1, 4, 5]. As the results are controver-

sial, researchers still look for optimally safe, least trau-
matizing and economically reasonable methods to treat
spinal deformities. Therefore, the aim of this research is
to evaluate the lateral bending radiographs and to com-
pare them with the remaining curves, fixation length
after operation, applying different surgical techniques
in the Lenke I type scoliosis.

Materials and Methods

A retrospective chart review was done in the spine ser-
vice of the Vilnius University Children’s Hospital. All
patients with operative AIS were analyzed from a single
institutional database. Data collection was carried out
prospectively ant retrospectively in the screw group and
retrospectively in the hybrid and hook groups. Inclusion
criteria: children at the age of 10 to 18 with the Lenke
type 1 were involved. Patients with congenital scolio-
sis were excluded from the analysis. The included 74
patients were analyzed and underwent posterior spinal
fusion with pedicle screws (27) in 2012-2013, hybrid
(16) in 2010-2011, and hook application (31) in the
period 1994-2005.

Thoracic and lumbar curve measurements on the
coronal plane were performed using the Cobb tech-
nique applied on posterior-anterior radiographs taken
immediately before and two days after the operation.
Also, to measure curve flexibility, preoperative passive

Figure 1. A-D, preoperative spine X-rays of a patient with screw instrumentation
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right
lateral
erect

Figure 3. Preoperative spine x-rays of a patient with hybrid instrumetation

standing bending films were analyzed (Figure 4). These
views were obtained upright with the patient leaning
maximally to one side or the other. The bending film
Cobb angle was compared with the neutral position.

All cases were subdivided into three groups according
to the Lenke type 1 classification for idiopathic scoliosis
A, B, and C modifier. These three modifier types were
differentiated according to the curve apex deviation
from the central line.

Curve degrees in preoperative passive bending films
were compared with the remaining postoperative spinal
curves in three groups separately. To compare the pre-
operative stiffness of the curves, the flexibility % was
calculated as

Flexibility % = 274 erative curve — lateral bending curve . 10y
preoperative curve
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Correction % was calculated as

Correction % — Lreoperative curve — lateral bending curve . 1y
preoperative curve
The remaining postoperative curves and the correc-
tion % were compared among the groups. Various SAS
procedures were applied to non-parametrical criteria
for dependent and independent samples to perform the

statistical analysis. Statistical significance was established

at the P < 0.05 level.

and 30.19° (+8.29) in the hook group. Figure 3 repre-
sents the thoracic deformity mobility comparison to
correction. It shows that curve correction is on average
by 21% bigger than mobility in the screw group (p <
0.0001), 13% in the hybrid (p < 0.0443) and 5% in the
hook group (p < 0.2398).

The mean lumbar bending Cobb angle was 9.81°
(+4.98) in the screw group, 8.63° (+4.83) in the hybrid
and 11.50° (+6.27) in the hook group. The lumbar de-

Table 1. Measurement and calculation results

Cobb angle Screw Hybrid Hook
. Thoracic 51.07° (+6.20) 52.88° (+7.26) 55.45° (+10.94)
Preoperative
Lumbar 32.07° (¢5.73) 32.50° (+12.33) 34,740 (+7.50)
. Thoracic 15.81° (+5.28) 21.63° (£6.89) 27.55° (£8.25)
Postoperative
Lumbar 7.59° (+6.63) 10.940° (+7.52) 16.06° (+6.89)
. Thoracic 26.93° (+8.3) 28.69° (+11.07) 30.19° (+8.29)
Lateral bending
Lumbar 9.81° (+4.98) 8.63° (+4.83) 11.500 (+6.27)
H 0, 0, 0,
Mobility % Thoracic 47.57% 45.80% 45.34%
Lumbar 67.50% 67.98% 75.34%
. Thoracic 68.87% 58.76% 50.27%
Correction %
Lumbar 75.58% 66.27% 53.53%

Results

Among 74 patients with AIS who were operated on at
the VUVL pediatric orthopedics and traumatology cen-
ter, 67 (90.50%) were female and 7 (9.50%) male. The
radiographic results are shown in Table 1. The mean pre-
operative thoracic Cobb angle was 51.07° (+6.20) in the
screw group, 52.88° (+7.206) in the hybrid and 55.45°
(£10.94) in the hook group. The mean postoperative
thoracic Cobb curve angle was 15.81° (+5.28), 21.63°
(£6.89), and 27.55° (+8.25), respectively. The mean pre-
operative lumbar curve Cobb angle was 32.07° (+5.73)
in the screw group, 32.50° (+12.33) in the hybrid group,
and 34.74° (+7.50) in the hook group. The mean post-
operative lumbar curve Cobb angle was 7.59° (+6.63),
10.94° (£7.52), and 16.06° (+6.89), respectively.

The mean thoracic bending Cobb angle was 26.93°
(+8.3) in the screw group, 28.69° (+11.07) in the hybrid

formity mobility comparison to correction: it shows that
the curve correction is on average by 8% bigger than
mobility in the group with screw fixation (p < 0.295)
but by 2% and 22% smaller in the group with hybrid
fixation (p < 0.561) and in the group with hook fixation
(p < 0.0001), respectively (Table 2).

Consequently, the thoracic curve tends to recover
more than the curve remaining in the lateral bend-
ing film, and only screw fixation is able to correct the
lumbar curve as it is expected in the remaining lateral
bending curve.

Table 2. The p significance between spine mobility and cor-
rection inside each group

Screw Hybrid Hook

P <0.0001 | P<0.0443 | P <0.2398
P <0.295 P <0.561 | P<0.0001

Thoracic

Lumbar
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The mean correction of the thoracic curve was
68.87% in the screw group, 58.76% in the hybrid and
50.27% in the hook group. The mean correction %
of the lumbar curve was 75.58% in the screw group,
66.27% in the hybrid and 53.53% in the hook group.
Therefore, the thoracic and lumbar deformity using
screw fixation recovers on the average by 20% more
than hook and by 10% more than hybrid application
(Table 3).

ing adolescent idiopathic scoliosis (ALS) was reported by
Suk et al. in 1995 and Liljenquvist et al. in 1997. The
technology has changed, but the goals of surgery for AIS
remain the same: to halt curve progression and to correct
deformity, maintain a balanced spine in the coronal and
sagittal planes, preserve as many mobile spinal segments
as possible, and prevent surgical complications such as
junctional kyphosis, adding-on, and revision surgery
(1,4-12].

Table 3. The p significance for correction % among the groups

Hybrid

Hook

Thoracic

Lumbar

Thoracic

Lumbar

Thoracic

P<0.1188

P <0.0026

Screw
Lumbar

P <0.3205 P < 0.0083

The pedicular screw construct is able to correct the
thoracic curve no matter how severe it is (A, B or C);
however, lumbar curve correction drops when the modi-
fier type is B or C. The other operative methods are less
effective to correct both thoracic and lumbar curves
despite the modifier type and also tend to lose correction
% for type 1B or 1C. The pedicular screw construct is
able to correct the thoracic curve no matter how severe
it is (A, B or C); however, the lumbar curve correction
decreases when the modifier type is B or C. The other
operative methods are less effective to correct both tho-
racic and lumbar curves despite the modifier type and
also tend to lose the correction % for types 1B or 1C.

The thoracic curve correction and fixation level com-
parison among the groups according to the Lenke I type
in the group with the screw instrumentation fixation
level was Th4-L1, and in the hybrid and hook group it
was Th3-L3.

Discussion

Segmental instrumentation in spinal surgery was first
introduced by Luque in 1982 when he combined the
rods with sublaminar wires. The next significant devel-
opment was the segmental hook—rod system designed
by Cotrel-Dubousset. The use of pedicle screws in treat-

As to the analysis of what is the best implants to use,
the debate extends from the mid-1990s. Discussions
were held on the biomechanics of the operation and the
safety of the complications, a three-dimensional defor-
mity correction, improvement in clinical outcomes, and
cost [1]. Authors argue whether the fixation with screws
is more efficient than fixation with hooks. According to
some studies, using screw fixation the possibility of me-
chanical deformation of the spine to correct three planes
and between the two segments is higher than using hook
fixation [2, 4, 13—15]. Yilmaz et al. [4] have discovered
that pedicle screw and hybrid instrumentations pro-
vide a significantly greater spinal deformity correction
than hook fixation in every radiographic measure and
maintenance of the correction in the coronal and sagit-
tal planes. HS An et al. [14] compared the stability of
posterior hook-rod and pedicle screw configuration in
an unstable burst-fracture model and have found that
pedicle screw constructs are more stable than hook-rod
systems.

For a long time, the use of screws in the thoracic
and especially convex side was debatable. Morpho-
logical changes in the vertebrae, the spinal cord, aorta
infringement are limited by the frequent use of screws
in thoracic spinal curvature correction. The experience

and tapping screws precision and control of growth are
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influenced by the increasing use of spinal screws in the
treatment of deformities [2, 7, 16]. In literature, there
are few scientific studies to look at the different fixa-
tion methods on the results of the correction. One of
the first studies was done by Kim colleagues [17] who
compared the use of hooks and screws adjusting spinal
deformities. The authors’ postoperative correction was
better in the screw group as compared with the hooks.
The correction was 76% and 50%. Our result is 74%
and 49%, which validates the data. Suk and colleagues
[18] presented data which compare the fixation screws
and hooks with respect to all three planes of correction
and a statistically significant difference. From these data,
the screw fixation is much more effective. However,
Karatoprak and colleagues state that the difference is not
great, especially when using the hybrid sistem (hooks
and screws) [19]. The correction of spinal deformity
was 70.3% and 67.7%, respectively. Di Silverstre and
colleagues [5] reported that using the screws, especially
for large deformations of the spine, provides a greater
correction in both planes, less post-operative correction
of fixed spinal degrees of loss, and less revision surgery.
Using only the screw fixation of the spine, the fixed
number of segments is lower [2, 4]. The literature and
our results confirm that the screw fixation of thoracic
curvature recover the average of 25%, and this is by 20%
more than with hook fixation (p < 0.05) [4, 17, 20, 21].

Rose and colleagues compared the minimum 2-year
follow-up results of adult idiopathic scoliosis patients
instrumented with pedicle screw and hybrid constructs
with 34 patients in each group. Patients with pedicle
screws had a significantly higher curve correction rate
(55.6% vs. 40.1%), and the correction was maintained
in both groups. However, coronal balance and blood
loss were similar in both groups and so were the SRS
outcome scores. What is more, patients in the hook /
hybrid group had a better sagittal alignment in the last
follow-up. [22].

Jaquith and colleagues made an interesting study [1]
which compared the cost of spinal implants — hook and
hybrid constructs and pedicle screw constructs in the

posterior spinal fusion in AlS. Pedicle screw instrumen-
tation was more expensive overall, per fused level, and
per the degree of correction. Also, more implants were
used, but more levels were fused in the pedicle screw
group than in the hook-hybrid group. Nevertheless,
pedicle screws provided a significantly better correction
of the major spinal curve.

According to our data, the postoperative deformity
correction was much higher than expected from lateral
bending radiographs. This can be explained by the fact
that we use the lateral bending maneuver without me-
chanical action. Using the mechanical effects of X-rays
to bend the larger planned correction and postoperative
results are virtually identical [23]. We consider that us-
ing the mechanical action to perform the lateral bending
radiographs before surgery is not as accurate as using a
simple passing maneuver in order to determine fixation
length and location. Summarizing the discussion, the
spinal fixation with pedicle screws provided a better
correction after surgery, and it is a safe technique but
much more expensive than hook fixation. The preopera-
tive assessment of spinal mobility must be carried out
in order to plan the method of fixation and the size of
the spinal fusion.

Conclusions

Thoracic curve tends to recover more than the curve
remaining in the lateral bending film. Only fixation
with pedicle screws is able to correct the lumbar curve
for the Lenke type 1 as it is expected in the remaining
lateral bending curve. Thoracic and lumbar deformity
using screw fixation recovers on the average by 20%
more than the hook and by 10% more than the hybrid
application. Segmental pedicle screw instrumentation
offers a significantly better curve correction as compared
with the hybrid and hook instrumentation and has a
shorter fusion level.
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