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Objective. To analyze long-term results of surgical correction and postoperative quality of life in patients with Lenke type V and VI de-
formities of the spine.

Material and Methods. The treatment results of 61 patients (average age 15 years) with Lenke type V—VI spinal deformities and mean
follow-up period of 3.3 years were analyzed. The average length of anterior fusion was 12.7 segments. The average length of the primary
curve instrumented with pedicle screws was 4.9 segments.

Results. The primary curve was 56.6°, after surgical intervention it was reduced to 15.1° (73.3 % correction). Postoperative progression
within 3.3 years was 2.1°. Thoracic countercurve was 40.6°, after surgery it was corrected to 15.0° (63.0 % correction). At the final follow-
up examination, the thoracic curve was 17.3° (progression 2.3°). Thoracic kyphosis and lumbar lordosis were within the normal ranges. The
frontal imbalance was 22.1 mm before surgery and 12.2 mm at the final follow-up examination. The SRS-24 questionnaire data showed
a significant score increase in all seven domains.

Conclusion. Transpedicular fixation allows achieving a high degree of Lenke type V—VI spinal deformity correction with a stable result
and significant improvement in the quality of life of patients.
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Adolescent idiopathic scoliosis of lumbar
and thoracolumbar localization presents
a special branch of spine surgery due to
its small extent, relatively high mobility,
and pronounced rotational component
of torsion.

For a long period of time, surgical
correction of such deformities was cat-
ried out with the help of various types
of anterior instrumentation [7, 15, 24].
Disadvantages of these corrective sys-
tems (kyphogenic effect, bone block
pseudathrosis, etc.) have been noticed
by surgeons rather quickly [10, 12], while
new methods of solving this problem
appeared with the development of
posterior instrumentation of the third
generation.

Suk et al. [21] were the first to make
an attempt to compare the corrective
and stabilizing capabilities of anterior
and posterior types of instrumenta-
tion (with transpedicular fixation) in
the treatment of type V and VI scoliosis
according to Lenke et al. [16] and dis-
covered both advantages and disadvan-
tages of the two systems. Latet, a series of
similar studies appeared [6, 8, 11, 13, 14,
17-23)], the results of which were rather
homogeneous and enabled one to under-
stand the state of the problem quite pre-
cisely. All of these articles are written in
English, half of them were published in
the Southeast Asia [13, 14, 17, 18, 21-23].
There are also a number of publications
concerning this issue [1-5] in the domes-
tic literature.
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HRQOL (Health Related Quality of
Life) evaluation based on the data of spe-
cialized questionnaires provides vitally
important information and is nowa-
days widely used in the surgery of spinal
deformities. However, the data obtained
using SRS questionnaires have been pre-
sented in the literature only twice [6, 19].

The aim of the study is to analyze
the long-term results of surgical correc-
tion and postoperative quality of life in
patients with Lenke type V and VI defor-
mities of the spine.

Material and Methods
Since 1996, more than 3,700 patients

with spinal deformities of various eti-
ologies have been operated on in the
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hospital. Of these cases, patients have
been selected for the study according to
the following criteria:

— idiopathic scoliosis;

- age ranging from 11 to 20 years
inclusive;

— lumbar or thoracolumbar localiza-
tion of the primary curve (types V-VI
by Lenke);

— postoperative follow-up period last-
ed for at least 2 years;

- patient had no previous spine
surgetries;

— hybrid segmental instrumentation:
transpedicular fixation along the primary
curve, hook fixation along the thoracic
countercurve.

A total of 61 patients (59 females and
2 males) corresponded to these criteria,
the mean age was 15 (range: 10.3-19.5)
years; the average period of follow-up
was 3.3 (range: 2.1-7.1) years.

Left-sided and right-sided primary
curve deformities were observed in 46
and 15 cases, respectively. The incidence
rate of thoracolumbar deformities (T12
or L1 level of the apical vertebra) was
45 cases, while the incidence of lumbar
localization (L2 or L3 level of the apical
vertebra) was 16 cases. Thoracic counter-
curve was noted in 52 patients.

Comorbidities were diagnosed in 40
patients: cardiovascular system, 9 cas-
es; gastrointestinal tract, 16 cases; kid-
neys, 1 case; musculoskeletal system, 4
patients; skin, 2 patients; organ of vision,
2 patients; ENT, 5 cases; blood, 1 case.
One patient was subjected to surgery
for extravertebral pathology prior to
admission.

The surgical approach was standard.
In all cases, intraoperative axial traction
was used with a weight not exceeding
50 % of the patient’s body weight. In 58
cases, the intervention was two-staged:
skeletal traction to the cranial bones
and supramalleolar regions + correction
of the spinal deformity with hybrid seg-
mental instrumentation. Prior to surgery,
three patients were subjected to releas-
ing discectomy at the level of thoracic
countercurve, and two patients under-
went costal hump resection for cos-
metic indications in a period of more
than two years after primary interven-

tion. Reassembly of the construct was
performed three times due to mechan-
ical complications. Thus, a total of 67
interventions have been performed. In
all patients, spinal fusion (posterior and
anterior) was conducted using an autol-
ogous bone graft only, which was either
local or harvested from a rib resected by
thoracotomy.

The average extension of posterior
spinal fusion was 12.7 (range: 11-15)
segments, the position of the upper
instrumented vertebra ranged from T1
to T6. The lower instrumented vertebra
was located at the L3 level in 22 cases, at
the L4 level in 31 cases, and at the L1 in
8 patients. The average length of the pri-
mary curve instrumented with pedicle
screws was 4.9 (range: 4-11) segments.

Results

The primary curve (lumbar/thoraco-
lumbar) was 56.6°, while it was 27.0° in
the lateral flexion position. As a result of
surgery, deformity was reduced to 15.1°.
Postoperative progression for a period of
3.3 years was 2.1° (Table 1, Fig. 1).

Thoracic countercurve was 40.6°, it
amounted to 22.1° in the lateral flexion
position. Corrective intervention led to
reduction of the secondary curve to 15.0°,
The thoracic curve was 17.3° by the end
of the follow-up period.

Thoracic kyphosis decreased as a
result of surgery from 31.0° to 21.6 ° and
achieved 22.0° by the end of the fol-
low-up. Lumbar lordosis demonstrated
the following dynamics: it was initially
equaled to 60.0°, achieved 49.3° after sur-
gery, and was 51.1° at the end of the fol-
low-up period.

Frontal imbalance was 22.1 mm
before surgery and remained almost
unchanged (22.8 mm) immediate-
ly after intervention, while correction
to 12.2 mm was achieved in the long-
term follow-up. Inclination of the lower
instrumented vertebra was reduced from
22.6°t0 5.1° as a result of corrective inter-
vention and remained without changes 3
years later — 5.2° (Fig. 2).

The average duration was 180.6
(range: 125-295) min for the two-stage
intervention (skeletal traction, deformity
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correction) and 227 (range: 175-295)
min for the three-stage surgery (discec-
tomy at the level of thoracic counter-
curve, skeletal traction, deformity cot-
rection), while the blood loss was 850.6
(range: 250-2250) ml and 943 (range:
350-1850) ml, respectively.

The mean patients’ height was 160
(range: 130-183) cm at admission, 163.9
(range: 35-188) cm immediately after
surgery and achieved 165.2 (range: 152-
189) cm at the end of the follow-up. The
patients’ weight changed as follows: it
averaged 48.6 (range: 31-09) kg prior to
surgery, 48.7 (range: 31-69) kg immedi-
ately after surgery and was 53.6 (range:
41-73) kg at the end of the follow-up.

Mechanical complications (rod frac-
tures, screw displacement, untwisted
nuts) were detected in seven patients.
In three patients, the instrumentation
was reinstalled. One case was diagnosed
with a mild degree of acute renal failure
of prerenal genesis in the nearest postop-
erative period, which was then arrested.

There were no inflammation or neu-
rological complications.

Self-assessment of the results of sut-
gical treatment by patients with spinal
deformities was firmly included in the
complex of postoperative examinations.
We used a translated and adapted version
of the SRS-24 questionnaire [9] with defi-
nition of the parameters that most reflect
the patient’s satisfaction with the results
of surgical treatment.

The questionnaire includes 24 ques-
tions combined into seven groups
(domains): back pain, the general appear-
ance, appearance after surgery, the level
of motor functions after surgery, general
activity, professional activity, and satisfac-
tion with the results of surgical treatment.
Each question is evaluated on a 5-point
scale (1 is the lowest score, while 5 is the
highest score). Filling of the question-
naire is considered during each control
examination, including consultations by
correspondence.

Dynamic improvement in the param-
eters was obtained for the group of
patients operated on using hybrid instru-
mentation with an increase in the peri-
od between the first and the latest con-
trol examinations after surgery for this
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Fig. 1

Patient A, aged 19, with idiopathic thoracic right-sided progressive uncomplicated sub-
compensated rigid grade IV scoliosis: the surgery was perfumed on 02.13.2014, it includ-
ed deformity correction using hybrid instrumentation (doctor, V.V. Novikov), thoracic

spine up to the level of T4 was included in the block since, otherwise, the instrument-
ed cranial vertebra would be located 1-2 segments caudal to the apex of physiological

kyphosis, which is a risk factor for the development of junctional kyphosis; prior to

surgery, the Cobb’s angle of the primary curve in the upright position was 797, inclina-
tion of the L4 vertebra was 36° (a), thoracic kyphosis was 17°, lumbar lordosis was 59°
(b), the Cobb’s angle of the primary curve was 61° in the lateral flexion (c); the Cobb’s

angle of the primary curve was 19° on control radiographs dated 02.21.2014, inclination

of the L4 vertebra was 12° (d), thoracic kyphosis was 17°, lumbar lordosis was 46° (e);

the Cobb’s angle of the primary curve was 19° on control radiographs dated 08.22.2016,
inclination of the 14 vertebra was 12° (f), thoracic kyphosis was 17°, lumbar lordosis

was 46° (g); the patient has no complaints, bone block is formed, non-displaced frac-
ture of the right screw at L4 level cannot be excluded

Discussion

patient. The most pronounced dynam-
ics was noted for such domains as “pain”
(+0.39), “general activity” (+0.79), and
“professional activity” (+0.64). Satisfac-
tion with the surgery results was high in
the immediate (4.25 * -0.60) and long-
term (4.48 = -0.42) postoperative peri-
ods. Therefore, the dynamics is not so
apparent in this domain as in the others
(Table 2).

There are papers in the domestic litera-
ture devoted to the results of pedicular
fixation in the surgical treatment of
lumbar and thoracolumbar scoliosis.
The article by S.T. Vetrile et al. [2]
contains rather diverse data both
from the point of view of the etiology
of spinal deformities and the patients’

20

age, and from the point of view of the
treatment approach. The authors used
different types of spinal instrumentation,
which makes it difficult to study their
application in comparison with other
papers.

The article by AS. Vasyura et al. [1]
presents the results of correction of the
discussed deformities and a comparative
analysis of the effectiveness of hook and
pedicle types of fixation. Unfortunately,
the terms of postoperative follow-up for
many patients of both groups are signifi-
cantly shorter than two years, although
the conclusions on the advantages of
pedicular fixation made by the authors
are quite reasonable.

Publications by S.V. Vissarionov et al.
[3-5] appeared within a year and, appar-
ently, contain information obtained
during the study of the same cohort of
patients. The authors convincingly dem-
onstrated the established advantages
of pedicular fixation but, unfortunately,
did not provide any data regarding pre-
and postoperative state of the thoracic
countercurve.

We found it advisable to present a
review of English-written literature for
the period of 1994-2014 in the form of a
commentary to the tables containing the
data of 12 articles [6, 8, 11, 13, 14, 17-23].
Most of the clinical groups are small (11—
30 patients), only one group includes
72 patients [19], almost all of them are
younger than 20 years of age. The mean
angle of the primary curve (Table 3) var-
ies within a very narrow range: from 42°
to 55°, ie, these are mainly deformities
characterized as moderate by the for-
eign colleagues. Correction in the lat-
eral flexion position allows achieving
50-75 % of the initial angle value, which
confirms the high degree of mobility typ-
ical for scoliosis of this type of localiza-
tion. Almost half of the authors [8, 1820,
22] managed to reduce the deformity to
less than 10° by surgery, which is clini-
cally insignificant. During the postopera-
tive follow-up of 24 to 60 months, pro-
gression of the primary curve within 4.9°
was noted. However, in most cases, this
parameter remained within 3°,

Thoracic countercurve (Table 4) is not
mentioned in 4 out of 12 papers due to
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Table 1

Dynamics of radiographic parameters of the studied group of patients

Primary curve, degrees 56.6 (27—101) 27.0 (-14—100). 15.1 (1-39). 17.2 (2—49).
correction 29.6 (52.3 %) correction 41.5 (73.3 %) progression 2.1 (5.1 %)
Secondary curve, degrees 2-90) 22.1 (1-70). 15.0 (1—49). 17.3 (3—53).
correction 18.5 (45.6 %) correction 25.6 (63.0 %) progression 2.3 (8.9 %)
Thoracic kyphosis, degrees 31.0 (4—55) — 21.6 (4—50) 22.0 (3—65)
Lumbar lordosis, degrees 60.0 (16—117) — 49.3 (28—173) 51.1 (28—177)
Frontal imbalance, mm 22.1 (10—28) — 22.8 (10—29) 12.2 (1-19)
Inclination of the lower instru- 22.6 (5—36) 5.1 (1-27) 5.2 (1-15)

mented vertebra, degrees
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Table 2

Self-assessment of the results of surgical treatment by patients with idiopathic scoliosis

Domain

Pain

General appearance

Appearance after surgery

Function after surgery

General activity

Professional activity

Satisfaction with the results of surgery

Brackets contain standard deviation.

After surgery up After surgery
to 12 months >24 months
3.78 (0.53) 4.17 (0.24)
3.37(0.47) 3.61 (0.53)
4.25 (0.44) 4.50 (0.37)
1.29 (0.56) 1.61 (0.78)
3.04 (0.91) 3.83 (0.50)
3.51 (0.85) 4.15 (0.26)
4.25 (0.60) 4.48 (0.42)

its absence, while its mean value does not
exceed 30° in most of the other papers.
Since there is only one out of the 12
works [20] where authors blocked the
primary and secondary curves (hybrid
instrumentation), while all the others
were limited to spinal fusion along only
the Cobb’s angle (4.8-7.5 segments),
then it is the case of self-correction of
the thoracic countercurve. The extent of
self-correction can reach up to 60 % [0,
although it is usually lower, with postop-
erative progression being insignificant
(1-2°).

The value of the thoracic kyphosis
and lumbar lordosis (Table 5) undergoes
very little changes during treatment.
Attention is drawn to the fact that the

initial value of thoracic kyphosis is less
than 20° in nine studies, i. e, it can be
interpreted as hypokyphosis. It can be
slightly higher or lower than the initial
value at the end of the postoperative fol-
low-up period. However, in general, it
changes very little. This also applies to
lumbar lordosis, i. €., the sagittal contour
of the spine is not seriously affected.
The frontal balance (Table 6) was
initially disturbed (the C1 centroid was
17-28 mm dislocated from the median
sacral line) and became much closer to
the normal position (5-9 mm) at the
end of the follow-up. This also applies
to the inclination of the lower instru-
mented vertebra, although these data are
presented by only three authors [11, 18,

23], with normalization being significant
(from 25-28° to 8-9°).

Intraoperative blood loss (212-1692
ml) and duration of surgical interven-
tion (139-244 min) have an implicit but
still visible tendency to decrease with
the age (Table 6), which can probably be
explained by the collective accumulation
of work experience with the III genera-
tion instrumentation.

Thus, we can state that the results
obtained by us are quite comparable
with the data of modern literature. The
only difference is that we used hybrid
instrumentation (a combination of
pedicular and hook fixation) and includ-
ed some motor segments of the thoracic
spine in the area of the instrumented
spinal fusion. This approach is dictated
by the presence of thoracic countercurve
in most of the cases, the average value of
which does not exceed 40°. It decreases
to 22.1° in the lateral flexion position,
which allows us to characterize it as a
structural deformity according to the cri-
teria by Lenke et al. [16]. We believe that
self-correction of the thoracic curve is
almost impossible in this situation if it
is not included in the block. One should
not forget about the risk of developing
proximal junctional kyphosis, as con-
firmed by Hee et al. [13], who noted this
deformity in 27 % of cases.

Table 3

Authors Patients, n

(mean age)

Suketal. [21] 20 (18.5)
Halm et al. [11] 12 (—)

Shufflebarger et al. [20] 61 (—)

Hee et al. [13] 11 (14.5)
Wang et al. [22] 16 (14.9)
Ming et al. [17] 24 (13.6)
Geck et al. [8] 31 (16.0)
Bennett et al. (6] 26 (14.6)
Wang et al. [23] 30 (17.0)
Jiayu et al. [14] 39 (14.5)
Okada et al. [18] 29 (16.8)
Roberts et al. [19] 72 (16.7)

Dynamics of the radiological parameters of the primary curve in the frontal plane according to the literature

Cobb’s angle, degrees

before surgery in lateral flexion

52.0 20.0
52.5 30.4
52.0 =
46.0 =
42.7 10.2
52.2 =
50.3 25.0
55.4 27.5
49.1 =
48.5 14.9
46.5 =
46.0 19.5

immediately after at the end of the
surgery follow-up
16.0 19.0
18.6 21.4
10.0 —
14.0 15.0

5.8 7.6
23.5 —

9.7 8.0
14.7 17.3
25.2 30.1

— 13.7

8.1 12.2
10.0 —

22

SPINE DEFORMITIES



HIRURGIA POZVONOCHNIKA 2017;14(4):18-26

M.V. MIKHAYLOVSKIY ET AL. ADOLESCENT IDIOPATHIC SCOLIOSIS WITH LENKE TYPE V AND VI CURVES

Table 4

Authors Patients, n

(mean age)

Suk etal. [21] 20 (18.5)
Halm et al. [11] 12 (—)

Shufflebarger et al. [20] 61 (—)

Hee et al. [13] 11 (14.5)
Wang et al. [22] 16 (14.9)
Ming et al. [17] 24 (13.6)
Geck et al. [8] 31 (16.0)
Bennett et al. [6] 26 (14.6)
Wang et al. [23] 30 (17.0)
Jiayu et al. [14] 39 (14.5)
Okada et al. [18] 29 (16.8)
Roberts et al. [19] 72 (16.7)

Dynamics of radiological parameters of the countercurve in the frontal plane according to the literature

Cobb’s angle, degrees

before surgery in lateral flexion

34.0 19.0
28.7 12.0
28.0 =
22.9 =
46.4 14.4
29.3 =
24.7 =
26.4 13.1

immediately after at the end of the
surgery follow-up
— 22.0
12.8 13.9
19.0 17.0
18.25 —
16.5 17.4
20.6 21.4
13.2 15.9

Analysis of the questionnaires (SRS-
24) filled in by the patients demonstrates
a very high level of satisfaction with the
results of surgical treatment. For all the
seven domains, a significant increase in
the parameters was noted at the end of
the follow-up period by the first year of
intervention. Patients are well-adapted to
the new conditions of statics and dynam-

ics and show a high level of satisfaction
with a new quality of life.

Conclusion

Posterior instrumentation with the use
of pedicular fixation provides stable
positive results of surgical correction
of adolescent idiopathic scoliosis of

thoracic and thoracolumbar localization
and significantly improves the quality
of the patients’ life. The presence
of a pronounced structural thoracic
countercurve makes its inclusion into
the area of the spinal fusion reasonable.

The study was not supported by a specific funding.
The authors declare no conflict of interest.

Table 5

Dynamics of radiological parameters in the sagittal plane according to the literature

Authors Patients, n Thoracic kyphosis, degrees Lumbar lordosis, degrees
(mean age) before surgery after surgery before surgery after surgery
Suketal. [21] 20 (18.5) 17.0 20.0 21.0 22.0
Halm et al. [11] 12 (—) 19.7 26.8 34.4 42.8
Shufflebarger et al. [20] 61 (—) — — — 42.0
Hee et al. [13] 11 (14.5) 15.0 17.0 51.0 50.0
Wang et al. [22] 16 (14.9) 15.6 21.6 33.7 39.8
Ming et al. [17] 24 (13.6) 16.0 16.0 47.0 50.0
Geck et al. (8] 31 (16.0) 18.0 22.0 55.0 60.0
Bennett et al. [6] 26 (14.6) 27.7 23.1 60.0 58.2
Wang et al. [23] 30 (17.0) 31.0 28.1 43.7 429
Jiayu et al. [14] 39 (14.5) — — 46.1 46.4
Okada et al. [18] 29 (16.8) 12.2 14.6 41.6 39.1
Roberts et al. [19] 72 (16.7) 37.9 - 48.0 44.0
23
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Table 6

Clinical and radiographic characteristics of the operated patients according to the literature

Authors Patients,n  Frontal balance, mm Blocked Inclination of Complications  Blood loss, Surgery  Follow-up
(mean age) vertebrae, n the lower mm duration, period,
instrumented min months
before after vertebra,
surgery  surgery degrees

Suketal. [21] 20 (18.5) — — 7.4 — Hook 1692 234 25

displacement, 2
Halm et al. [11] 12 (—) 28.0 9.0 4.8 28.5-9.4 Pain — 2; 1425 234 52

junctional
kyphosis — 1;

adding-on — 2;

reoperation — 1
Shufflebarger et al. [20] 61 (—) 24.0 7.0 — 81 % correction — — — 36
Hee et al. [13] 11 (14.5) — — 4.8 — PIK 27 % 305 189 32
Wang et al. [22] 16 (14.9) — — — — — 443 244 28
Ming et al. [17] 24 (13.6) - — 7.0 — — 500 163 49
Geck et al. (8] 31 (16.0) 27.0 8.0 5.5 — PJK —1 430 — —
Bennett et al. [6] 26 (14.6) 17.0 8.0 — — - — - 60
Wang et al. [23] 30 (17.0) 20.5 4.9 — 25.9-8.5 - — - 24
Jiayu et al. [14] 39 (14.5) — — 7.8 — — — — 24
Okada et al. [18] 29 (16.8) 19.7 8.6 — 25.9-8.3 Superficial 212 156 28

suppuration — 1
Roberts et al. [19] 72 (16.7) — — 6.2 — Transient 419 139 —

brachial
plexopathy
24
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