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LONG-TERM RESULTS OF SURGERY FOR
IDIOPATHIC SCOLIOSIS IN ADOLESCENTS:
A META-ANALYSIS
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Novosibirsk Research Institute of Traumatology and Orthopaedics n.a. Ya.L. Tsivyan, Novosibirsk, Russia

The paper presents an analysis of the English-language literature on the results of surgical treatment of adolescent idio-
pathic scoliosis observed in the period from 5 to 30 years after surgery. Seventy-one selected publications were analyzed
after division into two groups according to the used endocorrector: the Harrington distractor or CD instrumentation and
other 3rd generation instrumentation. The 3rd generation instrumentation provides better deformity correction and its
maintenance. Pseudarthrosis following fusion and complications associated with implants are approximately equifrequent
in both groups. Surgical wound suppuration is more frequent in CDI Group, and reoperation — in the Harrington Group.
Reproductive function of women after surgery does not differ from that in the general population. Health-related quality
of life does not change depending on the remoteness of intervention. No significant dependence of pain syndrome on the
location of lower instrumented vertebra and the time after surgery was observed.
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Adolescent idiopathic scoliosis is the
most common of all known spinal
deformities. It is a three-dimensional
deformity and its origin is not fully
explored, although there are substantial
grounds for believing that the disease is
genetically determined [1]. As far as we
know, the term “idiopathic scoliosis” was
introduced by Whitman [2] in 1922. His
work also provides a detailed description
of the dorsal fusion technique, which
dominated in orthopedic clinics around
the world until the development of
Harrington instrumentation [3]. More
than half a century passed from that
moment, a period long enough to assess
progress.

Systems for correction of spinal
deformities travelled a very long way.
Despite the well-known fundamental
differences between the Harrington
distractor and segmental instrumentation,
they have a key common feature, namely
formation of bone-metal block along the
significant portion of the spine. Given
the fact that this operation is performed
in the second decade of life, when
formation of the musculoskeletal system

is not yet complete, the surgeon must
consider the impact of the surgery on
the further course of the patient's life.
For this reason, there is a huge number
of publications that focus on the long-
term results of treatment of adolescent
idiopathic scoliosis. Since the authors
use various methodological approaches,
the emergence of articles based on
meta-analysis principles and including
the analysis of the results of maximum
available number of publications is not
surprising [4-7]. Unfortunately, such
studies have not been found in Russian
literature.

When starting our own research of
the literature, we tried to avoid repeating
the efforts already made by other authors,
although in a sense it is inevitable. We
would like to draw attention of our
colleagues to two aspects of long-
term results of surgery for adolescent
idiopathic scoliosis: incidence of pain
syndrome and its dependence on the
location of the lower instrumented
vertebra and the dynamics of the
results of surveying patients using SRS
questionnaire.
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Material and Methods

The search for the sources was carried
out using PubMed MEDLINE electronic
database (Medical Literature Analysis and
Retrieval System online), wherein (as well
as in the reference lists) we found more
than 1,200 publications that complied
with the following inclusion criteria:

1) surgical treatment of patients with
adolescent idiopathic scoliosis;

2) publication in English;

3) postoperative follow-up for at least
5 years,

4) at least 12 patients in the group
under study;

5) age of patients 10 to 21 years by
the time of the operation;

6) the use of endocorrector.

When different articles discussed the
same clinical material, it was studied
only once (for example, articles of
Danielsson et al.). In total, we found and
analyzed 71 articles published between
1980 and 2015, containing information
about 5969 patients. Long-term results
of the use of Harrington distractor are
reported in 31 articles [8-38] (3378
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patients), the results of the use of 3rd
generation segmental instrumentation
(CDI, Isola, TSRH, transpedicular and
hybrid fixation, ventral tools ) in 2591
patients — in 40 articles [39-78]. We
did not included publications, which
analyzed the results of fusion without
the use of endocorrector [79-82].

We analysed the results in the
following two groups: patients who were
operated on using Harrington distractor
(Harri group), and patients who were
operated on using CDI and other 3rd
generation instrumentation, including
ventral one (CDI Group). This clustering
was determined by the fact that all
options of segmental instrumentation
(both ventral and dorsal ones) have
fundamental advantages compared to
Harrington distractors: flexible rods,
multipoint fixation, the possibility of the
use of derotating force, and, ultimately,
three-dimensional correction.

We analyzed the following parameters:

— age at the time of surgety;

- age at the time of the last
examination,

— follow-up period;

— preoperative Cobb angle (primary
and secondary curve);

— postoperative Cobb angle (primary
and secondary curve);

— Cobb angle at the time of the last
examination (primary and secondary
curve);

— preoperative thoracic kyphosis;

— postoperative thoracic kyphosis;

— thoracic kyphosis at the time of the
last examination,

— preoperative lumbar lordosis;

— postoperative lumbar lordosis;

— lumbar lordosis at the time of the last
examination,

- number of complications:
suppuration, pseudarthrosis, implant-
related complications, neurological
symptoms, and number of reoperations;

- presence and incidence of pain;

- relationship between pain and
location of the lower instrumented
vertebra;

- the frequency of pregnancies and
births;

- health-related quality of life.

Results

In Harri group, the age of primary surgi-
cal treatment ranges from 14 to 21 years
(13 publications), the age of the last
examination — 204 to 49.9 years (9 pub-
lications). Therefore, follow-up period
was 5 to 33 years (32 publications).

In the group treated using 3rd genera-
tion endocorrectors, average age of opet-
ated patients was 13 to 17 years (32 pub-
lications), the age at the time of the last
examination was 23 to 44 years (12 pub-
lications), postoperative follow-up peri-
od was 5 to 28 years (42 publications).

Roentgenomeitry. In both groups, ini-
tial average value of the primary curve
varied in a relatively narrow range, 62.6°
(Harri group) and 56.5° (CDI Group).
Corrective intervention reduced this
value: in Harri group, 35.3° immediately
after surgery, in CDI group, 20.5°. The
achieved correction was 30.4° in Harri
group and 35.8° in CDI group, that is,
the deformity was improved by 47.2 %
and 62.6 %, respectively. Over the entire
follow-up period, curve value increased
by 8.5° in Harri group and 5.1° in CDI
group, i.e. correction loss was 13.6 % and
9.1 %, respectively. At the time of the last
examination, the primary curve value
was 40.1° in Harri group and 25.8° in CDI
group (Table 1).

Comparison of the counter curve,
thoracic kyphosis, and lumbar lordosis
over time in the two groups is compli-
cated by the fact that there is not enough
data in Harri group. Among all analyzed
studies, only three publications included
all the required information, and only
9-10 studies reported final values of
thoracic kyphosis and lumbar lordosis.
We can only say that final values of lum-
bar lordosis (data from 10 publications)
were within the normal range, which is
rather indicative of a certain flatness of
the latter.

In CDI group, operation reduced
counter curve from 40.8° to 18.5° and
postoperative progression was no more
than 3.0°. Thoracic kyphosis value was
close to the lower tolerance limit before
surgery, then increased (from 23.7° to
26.3%), and at the end of the follow-up
period it was as high as 29.3".
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Complications. In many papers deal-
ing with the problem under discussion,
surgical complications are either not
mentioned at all, or this information is
casual and incomplete. Therefore, we
decided to analyze the number of com-
plications based on the material of the
articles, where there is a special sub-sec-
tion or several paragraphs, which identify
and discuss complications.

As can be seen from Table 2, the inci-
dence of pseudoarthrosis and implant-
related complications (fractures, endo-
corrector displacement, fractures of the
bone bearing points) was approximately
the same. At the same time, postoperative
wound suppuration (early and late) were
more common in CDI group, reopera-
tions — in Harri group.

Pregnancy and childbirth. 1t is well
known that adolescent idiopathic sco-
liosis is mostly female disease, therefore,
future marriage, normal pregnancies, and
childbirths is one of the most urgent
issues, when discussing the indications
for surgery with the patient and her par-
ents. A number of publications [12, 18,
19, 29, 32, 34, 55, 56, 75, 85] focus on
this problem. In our opinion, analysis of
these articles suggests that surgical cor-
rection of spinal deformity (regardless of
instrumentation type) has no significant
effect on patients’ reproductive function.
The number of pregnancies and births
generally corresponds to these values in
the population, where operated young
females belong. Number of Caesarean
sections is highly variable, but there is
no clear indication that the frequency
of these operations correlated with the
state of the spinal column. Only one out
of ten paper mentions certain decrease
in sexual activity [18], which, however,
had no effect on the number of preg-
nancies and births in the studied group
of patients (Table 3).

Health-related quality of life. There
is a viewpoint that it is a measure of
patient's health and the importance that
the patient attaches to his/her medical
condition [83]. According to Westrick et
al. [7], it is a subjective multidimension-
al structure, which includes the impact
of medical conditions, including both
disease and its treatment, on physical,
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Table 1

Primary and secondary curve value, thoracic kyphosis and lumber lordosis over time

Parameters Harrington Number of papers
(patients), n

Preoperative Cobb angle of the 62.6 (54—76) 17 (1570)

primary curve, deg.

Postoperative Cobb angle of the 35.3 (20—42) 17 (1570)

primary curve, deg.

Primary curve correction, deg. 30.4 (15—47) 17 (1570)

Correction, % 47.2 (28—62) 17 (1570)

Postoperative progression of 8.5 (1,6—20) 17 (1570)

deformity, deg.

Lost correction, % 13.6 (28—35) 17 (1570)

Cobb angle of the primary curve 40.1 (26—52) 17 (1570)

during last examination, deg.

Preoperative Cobb angle of the 52.3 (36—68) 3(328)

secondary curve, deg.

Postoperative Cobb angle of the 24.0 (21-27) 2 (284)

secondary curve, deg.

Cobb angle of the secondary 34.0 (28—43) 3(284)

curve during last examination,

deg.

Preoperative thoracic kyphosis, 25.6 (23—28) 3(438)

deg.

Postoperative thoracic kyphosis, 25.5 (22—-29) 2 (86)

deg.

Thoracic kyphosis during last 28.2 (20—32) 9 (934)

examination, deg.

Preoperative lumbar lordosis, 54.0 1(35)

deg.

Postoperative lumbar lordosis, 51.0 1(35)

deg.

Lumbar lordosis during last 38.0 (22—50) 10 (927)

examination, deg.

3rd generation Number of papers
endocorrectors (patients), n
56.5 (49—65) 27 (1700)
20.5 (4—34) 27 (1700)
35.8 (27—48) 27 (1700)
62.6 (47—86) 36 (2241)
5.1 (2-29) 36 (2241)
9.1 (3—29) 36 (2241)
25.8 (16—39) 36 (2241)
40.8 (30—57) 36 (2241)
18.5 (9—29) 36 (2241)
21.1 (10—-29) 36 (2241)
23.7 (12—45) 21 (1044)
26.3 (13—41) 21 (1044)
29.3 (15—46) 21 (1044)
48.0 (25—59) 19 (1165)
48.1 (33—57) 19 (1165)
50.3 (29—65) 19 (1165)

psychological, and social functions. It is
common practice to assess this param-
eter based on patient’s survey data using
various questionnaires [84], and various
modifications of SRS tool is the most
widely used one. When analyzing the lit-
erature, we found 11 articles contain-
ing the results of questionnaire survey
obtained at different times after scoli-
osis correction, from 5.4 to 31.5 years.
The values obtained by authors are sum-
marized in the table, which gives some
idea of how patients rate their condition
(horizontal) and the difference between
these estimates depending on the dura-
tion of postoperative follow-up period

(vertical). It is noteworthy that patients’
rating of their own state varies quite sig-
nificantly; however, the overall satisfac-
tion with the results usually prevails over
other parameters. At the same time, no
significant changes in the results depend-
ing on the duration of follow-up period
could be detected. In order to compare
the results to normal values in general
population, we used the results obtained
by Baldus et al. [85] in the question-
naire survey of females (most patients
with scoliosis) aged 20-39 years (the
vast majority of the operated patients
in the studied publications). This com-
parison also shows no significant differ-
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ences between the operated patients and
healthy individuals of appropriate age
and gender (Table 4).

Eight papers report only overall
HRQOL value (SRS score). These data
are summarized in a separate table (fol-
low-up period 5.0 to 22.9 years) and lead
to the same conclusion: there is no sig-
nificant difference in the quality of life of
patients in different periods after surgery
(Table 5).

Pain and the level of the lower instru-
mented vertebra (LIV). Cochran et al. [12]
were the first who attempted to find rela-
tionship between LIV level and severi-
ty of postoperative pain. The authors
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came to the unequivocal conclusion: the
more caudal LIV and, therefore, fewer
segments between the fusion area and
sacrum, the greater the likelihood of pain
syndrome. In many cases, subsequent
studies have not confirmed this hypoth-
esis. In 20 studies, authors analyzed the
relationship between the location of LIV
and pain syndrome and came to diamet-
rically opposite conclusions, which vir-
tually eliminate the possibility of unam-
biguous interpretation of the results. We
can only say that the conclusion about
the absence of the aforementioned rela-
tionship is usually reported in the studies
with longer follow-up period (Table 6).
The incidence and severity of pain.
These characteristics were found in 26
publications and summarized in two
tables. The data were sorted by duration
of follow-up period (Table 7, 8), taking
into account the used endocorrector,
Harrington distractor or 3rd generation

Table 2

Complications of surgical correction of adolescent idiopathic scoliosis, n (%)

Complications Harrington I1T generation endocorrector
(articles — 14, patients — 1637) (articles — 25, patients — 1488)

Suppuration 7 (0.42) 31 (2.80)

False joints 35(2.13) 32 (2.15)

Implant-related 91 (5.50) 97 (6.51)

Neurological 2(0.12) 15 (1.00)

Reoperations 204 (12.50) 72 (4.83)

endocorrectors. In both groups, no cor-
relation with time elapsed after the inter-
vention was observed. There is also no
significant correlation between the char-
acteristics of pain syndrome and endo-
corrector type.

Discussion

The first attempt of meta-analysis of
outcomes of surgical correction of
adolescent idiopathic scoliosis was made
by Haher et al. [4] in 1993. They collected
data on 139 groups of patients (a total of
10 989 patients), who were operated on
during 35 years, from 1958 to 1993. The

Table 3

Characteristics of reproductive function after surgical correction of adolescent idiopathic scoliosis

Authors Instrumentation
Cochran et al. [12] Harrington
Dickson et al. [19] Harrington
Paonessa et al. [34] Harrington
Danielsson et al. Harrington
(17]

Michel et al. [29] Harrington
Orvomaa et al. [32] Harrington
Kelly et al. [55] Ventral

Takayama et al. [75] Dorsal segmental

Otani et al. [65] Ventral

Kohler et al. [56] Ventral

Number of females Number of
children
30 46
206 No data
103 No data
136 1.80 children
per female
Operated 209, married 1to4
124, gave birth 99
Operated 146, gave 1to4

birth 79 (total — 142)

Operated 18, married 16, No data
gave birth 11

75 % of operated 1.83 children

patients are married per female
Operated 53, married No data
75 %, gave birth 27
(77%)
Operated 16, gave birth No data
10

Caesarean section Additional information

12 More than in Swedish
population
No data The number of children
is lower than in the con-
trol group
No data Uneventful
19.0 % Sexual activity was lim-
ited in 33 % of cases
4 cases Problems during child-
birth in 10 cases
23.0% (15.0% -
of the general
population
in Finland)
No data —
22.7% Similar to general Japa-
nese population
18.0 % Above the level of the
Japanese population
3 cases No sexual problems

were observed
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average postoperative follow-up period
was 6.8 years, Harrington distractor was
used in 85 % of cases, dorsal fusion alone
- 2.9 %. In others cases, various options of
segmental instrumentation, either dorsal
or ventral, were used.

Statistical analysis showed that
there is significant correlation between
patient’s satisfaction with treatment out-
come and the value of scoliotic curve
correction. The achieved correction,
initial curvature, and King’s deformity
type do not correlate with the degree of
patient’s satisfaction.

Westrick and Ward [7] analyzed the
long-term (5 to 20 years) results of surgi-
cal correction of idiopathic scoliosis with
a specific perspective: whether surgery
is advantageous over the natural course
of the disease? The authors proceeded

from the fact (confirmed by literature
data) that the natural history of the di-
sease is not so tragic, as it is commonly
believed. This applies to pain, functional
activity, cardiopulmonary state, mortality,
etc. The authors studied and analyzed 47
articles with follow-up of at least 5 years
and overall number of cases of 3401. The
patients were operated on using metal
implants (Harrington, Isola, Wisconsin,
hook, pedicle, and hybrid systems). The
decrease in Cobb angle of the primary
curve ranged 34.0 % (Harrington) to
09.5 % (pedicle systems), correction loss
was from 3.0 % (Isola-hybrid) to 17.5 %
(Harrington).

Suppurative complications most
often occurred after Harrington dis-
traction (6.5 %), followed by Wiscon-
sin (5.7 %), hook, and hybrid structures

(2.2 %), and pedicle systems (1.4 %). In
the cases, where ventral structures were
used, false joints were formed in 15.1 %
of cases, pedicle systems — 7.1 %, Isola-
hybrid — 2.2 %. After Harrington distrac-
tion, implant-related complications were
reported in 15.8% of cases, hook systems
- 3.9 %, pedicle systems — 7.1 %. The rate
of reoperations was approximately the
same.

Only 40 % of the sources include
the results of questionnaire survey of
patients (SRS tool to assess HRQOL),
and these data are virtually equivalent to
those obtained in the study of the con-
trol group (the same age, no scoliosis).

In 80 % of publications, the authors
found no relationship between the lev-
el of the lower instrumented vertebra
and lumbar pain. This also applies to the

Table 4
Survey of patients using SRS questionnaire
Authors Follow- Instrumentation Function Pain Appearance Mental Satisfaction Average
up, years health
(number of
patients, n)

Upasani et al. [76] 5.4 (49) Ventral 4.00 3.90 3.40 — 4.30 —
Newton et al. [63] 6 (41) Ventral 4.10 4.40 4.40 - — —
Asher et al. [40] 6.1 (185) Isola 4.20 4.00 4.20 4.10 4.50 —
Burton et al. [47] 5-9 (14) Transpedicular 4.00 3.80 4.10 3.80 4.50 4.10

fixation
Burton et al. [47] 5-9 (14) Ventral 4.40 4.10 4.30 4.00 4.50 4.30
Benly et al. [43] 11.3 (109) TSRH 4.00 3.60 3.80 3.60 4.60 —
Enercan et al. [51] 11.4 (25) Transpedicular 4.75 4.41 4.27 3.95 4.77 4.34

fixation
Green et al. [52] 11.8 (20) Dorsal segmental 4.50 4.30 — — — 4.30
Sudo et al. [72] 17.2 (30) Ventral 4.40 4.50 3.70 4.50 3.90 4.20
Larsson et al. [58] 20.0 (12) CDI 3.10 (?) 3.90 3.10 — 4.00
Tida et al. [37] 22.5(51) Harrington 4.50 4.20 3.70 3.90 4.10 —

— Luque
Akazawa et al. [9] 31.5 Harrington 4.30 4.30 3.00 3.90 3.60 —

— Luque
Baldus et al. [85] 20—39 Averaged values 4.30 4.40 4.22 4.06 Not determined, since —

over the population examined patients
were not operated on
32
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Table 5

Summarized quality of life values

Authors

Edwards et al. [50]
Remes et al. [68]
Perez-Grueso et al. [66]
Mueller et al. [62]
Helenius et al. [53]
Kelly et al. [55]
Helenius et al. [23]
Mariconda et al. [28]

Follow-up period, years Instrumentation type SRS
(number of patients, n) score
5(24) Ventral 97.0

8—13 (112) CDI 97.0

10 (35) CDI 96.7

10,1 (49) Dorsal titanium 95.8

13 (57) CDI 97.0

17 (31) Ventral 98.0

20 (78) Harrington 97.0

22.9 (24) Harrington 100.0

Table 6

Correlation between the level of the lower instrumented vertebra (LIV) and pain syndrome

Authors Instrumentation
Cochran et al. [12] Harrington
Michel et al. [29] Harrington
Fabry et al. [21] Harrington
Dickson et al. [19] Harrington
Large et al. [26] Harrington
Paonessa et al. [34] Harrington
Willers et al. [38] Harrington
Poitras et al. [35] Harrington
Connolly et al. [13] Harrington
Danielsson et al. [14-17] Harrington

Padua et al. [33] Harrington

Helenius et al. [23] Harrington
Gotze et al. [22] Harrington
Nimeyer et al. [31] Harrington
Upasani et al. [76] CDI
Bartie et al. [11] Harrington
Carreon et al. [48] CDI
Beltran et al. [42] CDI
Tida et al. [37] Harrington
Lonstein et al. [27] Harrington

Patients, n Follow-up, Correlation between Additional remarks
years LIV and pain syndrome
95 9.9 Yes —
209 139 Yes The more caudal to L3—L4
level, the less pain
182 7 Yes —
206 21 No -
44 10 Yes Less than 2—3 free segments —
pain syndrome
103 8.1 Yes —
22 10.8 Yes —
555 13 No -
83 12 Yes Threshold level L2—L4
136 23 No -
70 15—28 No —
78 20.8 No —
82 16.7 No -
41 23 No —
49 5.4 No —
171 19 No -
135 5 No —
50 — No —
51 22.5 No —
26 33.3 No —

severity of lumbar lordosis, and degen-
erative disc changes. Patients were satis-
fied with the results of treatment using
Harrington distraction in 86.6 % of cases,
hook system — 96.2 %. Satisfaction with
the result was not related to the extent
of achieved correction. Researchers
believe that there are no long-term pro-
spective, controlled studies supporting

the hypothesis that surgical treatment of
idiopathic scoliosis is advantageous over
the natural development of the disease.
However, the surgeon may not under-
estimate the psychological state of the
patient with deformed spine. The main
findings of another review of the litera-
ture on the problem published in 2012
by Kepler et al. [5] are as follows:
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— patients who underwent dorsal spi-
nal fusion surgety for idiopathic scoliosis
generally appreciate the effect achieved
and survey results are statistically indis-
tinguishable from those of individuals
without scoliosis;

- residual anterior spinal deformity
usually does not affect the evaluation of
surgical treatment outcomes, while sag-
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Table 7

Characteristics of pain syndrome in patients who were operated on using Harrington distractor

Authors

Follow-up period, years

Fabry et al. [20] 4.9
Jeng et al. [25] 6.3
Fabry et al. [21] 7.0
Paonessa et al. [34] 8.1
Cochran et al. [12] 89
Humbke et al. [24] 12.4
Michel et al. [29] 13.9
Gotze et al. [22] 16.7
Bartie et al. [11] 19.0
Helenius et al. [23] 20.8
Dickson et al. [19] 21.0
Niemeyer et al. [31] 23.0

Patients, n

64
35
182
103
95
72
209
82
171
78
206
41

Characteristics of pain syndrome

Regular complaints of pain 23.6 %
Severe pain — 16 %
Complaints of pain — 66 %

The incidence of pain is higher compared to the control group
Complaints of pain having various location and severity — 55 %
Severe pain syndrome — 10 %

Pain syndrome — 21.3 %

No pain or rare pain — 79 %

Pain in 75 % of patients and 65% persons in the control group
Sever or frequent pain — 13 %

Moderate or severe pain — 26 %

No complaints of pain — 28, continuous pain — 3,

recurring pain — 10

Table 8

Characteristics of pain syndrome in patients who were operated on using 3rd generation endocorrectors

Authors Follow-up period, Patients, n

years
Upasani et al. [76] 5.4 49
Newton et al. [63] 6 41
Lenke et al. [60] 5—10 76

educational activities

Violas et al. [77] 6 25 No complaints of pain in 100 % of cases
Boos et al. [46] 9 52 Moderate recurring pain in 10 patients
Kohler et al. [56] 10 21 Frequent pain in 2 patients
Perez-Grueso [66] 10 35
Lawborne et al. [59] 11.8 20
Green et al. [52] 11.8 20 Nonsteroidal drug intake — 3 patients
Humbke et al. [24] 12.4 21 Severe pain syndrome — 5 % of cases
Remes et al. [68] 8—13 112 Frequent pain in 6 patients
Helenius et al. [53] 13 57 Frequent pain in 6 % of cases
Otani et al. [65] 14.6 53 No pain in 98% of cases
Kelly et al. [55] 17 31 Pain hinders working activity — 1 patient

Characteristics of pain syndrome

Pain increases during the period from 2 to 5 years after the operation
Pain increases during the period from 2 to 5 years after the operation

Moderate pain in 38 % of cases without decrease in working and

Pain increases — 24 %, decreased — 32 % of cases

Pain incidence similar to that in general population

ittal imbalance, especially positive one
(forward bend of the body), is poorly tol-
erated by patients and adversely affects
the evaluation of intervention results;

- in patients who underwent dorsal
correction surgery and spinal fusion, MRI
study shows enhanced degeneration of
the intervertebral discs, but these find-
ings do not correlate with the clinical
presentation, i.. they are not accompa-

nied by stronger and more frequent lum-
bar pain.

The authors make a logical conclu-
sion, that further investigation of the
state of the intervertebral discs and clin-
ical symptoms for more than 20 years
after the intervention is required.

In 2013, Lykissas et al. [6] reported the
results of a meta-analysis of dorsal inter-
vention outcomes in patients with idio-
pathic scoliosis. The minimum follow-
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up period was 5 years. The outcomes of
surgical correction using Harrington dis-
tractor (1613 patients), CD instrumen-
tation (361 patients), and pedicle fixa-
tion (298 patients) were summarized in
27 publications. Mean follow-up period
was 14.9 years. The main results of the
meta-analysis are as follows: CDI pro-
vides significantly greater anterior cot-
rection than pedicle fixation, which is
in turn more effective than Harrington
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rod. In the sagittal plane, CDI and ped-
icle fixation contribute to increase in
thoracic kyphosis and lumbar lordosis,
while Harrington rod flattens the physi-
ological curves of the spine. As for post-
operative complications, false joints were
observed in 1.9 % of cases and they were
more common in the case of Harrington
distractor. Suppuration was observed in
3.6 % of cases: it was less common with
pedicle screws (1.18 %), and more com-
mon with Harrington correction (5.5 %).
When using pedicle screws, there were
no reoperations. Neurological compli-
cations were reported only in two cases
(0.17 %). The authors did no reported
the analysis of the quality of life in the
postoperative period due to the relative-
ly short follow-up period after pedicle
fixation.

We consider this study as a small
piece of the overall picture that gradually
emerges and eventually will take its final
form. Since it was carried out after the
aforementioned studies, it is obviously
based on a larger number of publications.
Our findings are quite expectable. First
of all, this applies to the extent of cor-
rection and postoperative loss of correc-
tion. Modern segmental instrumentation
provides greater and more durable cor-
rection compared to the Harrington rod.

[t is quite natural that complications
occurred in both groups, but sometimes
the differences could not be explained.
Thus, it is not clear, why suppuration
and neurological complications are more
common in the group with 3rd genera-
tion endocorrectors.

The results reported in 10 publica-
tions suggest that reproductive function
of females who underwent spinal surgery
in the second decade of life is almost intact.

We believe that comparative study
of the data obtained in the survey of
patients at various time intervals after
surgical correction of adolescent idio-
pathic scoliosis are of particular interest.
The available data were summarized in
the table and intercompared, which led
to conclusion that various instrumenta-
tion options and duration of the follow-
up period (up to 31.5 years) have practi-
cally no impact on patients’ quality of life.

Assessment of the impact of the lev-
el of the lower instrumented vertebra
on the development of pain syndrome
results in interesting findings. On the one
hand, there are two opposing viewpoints,
either this effect exists or not. On the
other hand, the analysis of available data
shows that the conclusion about existing
relationship was made in the studies pub-
lished from 1983 to 1995 with follow-
up period ranging from 7 to 12 years. In
later publications, this relationship was
denied, although the follow-up period
was much longer, up to 33 years.

When trying to assess the incidence
and severity of postoperative pain, the
resulting picture will be even more color-
ful. In any case, we could not objectively
evaluate the incidence and severity of
pain based on published data since each
group of authors reported the material
according to their own criteria. Mean-
while, there is no reason to believe that
operated patients develop pain syn-
drome more frequently and pain is more
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severe in these patients than in the gen-
eral population.

According to the generally accepted
definition [83], meta-analysis is a review,
where data of several studies are sum-
marized using quantitative method and
the final result is represented as a weight-
ed average. Unfortunately, we were not
always able to determine the weighted
average for the reason mentioned above.
This is an objective limitation, which can
be eliminated only with the course of
time provided that more or less uniform
methods will be developed in order to
assess the results of treatment of adoles-
cent idiopathic scoliosis.

Conclusion

Tens of thousands of surgical interven-
tions for adolescent idiopathic scolio-
sis are annually conducted around the
world. This is a2 major surgery aimed at
significant improvement of patient’s
quality of life. How does the surgical
intervention, carried out in the second
decade of life, affect patient’s remote
future? We studies the data reported in
numerous literary sources and so did
the authors of previously published
meta-analyzes. These data suggest that
surgery is beneficial, since the life of the
operated patients does not differ much
from the life of females and males from
the general population. In most articles,
the authors suggest that research should
be continued. We fully agree with that
opinion and this prompted us to carry
out the present study.

SPINE DEFORMITIES



HIRURGIA POZVONOCHNIKA 20106;13(4):28-39

M.V. MIKHAYLOVSKIY. LONG-TERM RESULTS OF SURGERY FOR IDIOPATHIC SCOLIOSIS IN ADOLESCENTS: A META-ANALYSIS

References

Kuznetsov SB, Mikhailovsky MV, Sadovoy MA, Korel AV, Mamonova EV.
Genetic markers of idiopathic and congenital scoliosis, and diagnosis of susceptibil-
ity to the disease: review of the literature. Hir Pozvonoc. 2015;12(1):27-35. In Russian.
DOL http://dx.doiorg/10.14531/ss2015.1.27-35.

Whitman A. Observations on the corrective and operative treatment of structural
scoliosis. Arch Surg. 1922;5:578-630. DOL 10.1001 /archsurg.1922.01110150131007.
Harrington PR. Treatment of scoliosis. Correction and internal fixation by spine
instrumentation. ] Bone Joint Surg Am. 1962;44:591-610.

Haher T, Merola A, Zinpick R, Gorup J, Mannor D, Orchowski J. Meta-analy-
sis of surgical outcome in adolescent idiopathic scoliosis. A 35-year English literature
review of 11,000 patients. Spine. 1995;20:1575-1584.

Kepler C, Meredith D, Green D, Widmann RF. Long-term outcomes after poste-
rior spinal fusion for adolescent idiopathic scoliosis. Curt Opin Pediatr. 2012;24:68-75.
DOI: 10.1097/MOP0b013€32834ec982.

Lykissas MG, Jain VV, Nathan ST, Pawar V, Eismann EA, Sturm PF, Craw-
ford AH. Mid- to long-term outcomes in adolescent idiopathic scoliosis after
instrumented posterior spinal fusion: a meta-analysis. Spine. 2013;38:E113-E119.
DOI 10.1097/BRS.0b013¢31827ae3d0.

Westrick ER, Ward WT. Adolescent idiopathic scoliosis: 5-year to 20-year evidence-
based surgical results. ] Pediatr Orthop. 2011;31(1 Suppl):S61-S67. DOL 10.1097/
BPO.0b013€3181fd87d5.

Akazawa T, Minami S, Kotani T, Nemoto T, Koshi T, Takahashi K. Long-term
clinical outcomes of surgery for adolescent idiopathic scoliosis 21 to 41 years later.
Spine. 2012;37:402-405. DOL 10.1097/BRS.0b013e31823d2b06.

Akazawa T, Kotani T, Sakuma T, Sonoda M, Fijiwara M, Ishino M, Katougi T,
Minami S. Intervertebral disc degeneration 35 years after surgery for adolescent idio-
pathic scoliosis: long-term MRI follow-up. SRS 50th Annual Meeting & Course. Minne-
apolis, Minnesota, USA, September 30-October 3, 2015. Final Program. P. 179.

. Andersen MO, Christensen SB, Thomsen K. Outcome at 10 years after treat-

ment for adolescent idiopathic scoliosis. Spine. 2006;31:350-354. DOL 10.1097,/01.
brs.0000197649.29712.de.

. Bartie BJ, Lonstein JE, Winter RB. Long-term follow-up of adolescent idiopathic

scoliosis patients who had Harrington instrumentation and fusion to the lower lum-
bar vertebrae. Is low back pain a problem? Spine. 2009;34:E873-E878. DOIL 10.1097/
BRS.0b013¢3181aa7d53.

. Cochran T, Irstam L, Nachemson A. Long-term anatomic and functional changes

in patients with adolescent idiopathic scoliosis treated by Harrington rod fusion. Spine.
1983;8:576-584. DOI: 10.1097/00007632-198309000-00003.

. Connolly PJ, Von Schroeder HP, Johnson GE, Kostuik JP. Adolescent idiopathic

scoliosis. Long-term effect of instrumentation extending to the lumbar spine. ] Bone
Joint Surg Am. 1995;77:1210-1216.

. Danielsson AJ, Cederlund CG, Ekholm S, Nachemson AL. The prevalence of disc

aging and back pain after fusion extending into the lower lumbar spine. A matched
MR study twenty-five years after surgery for adolescent idiopathic scoliosis. Acta Radiol.
2001;42:187-197. DOL: 10.1034/}.1600-0455.2001.042002187.x.

. Danielsson AJ, Wiklund I, Pehrsson K, Nachemson AL. Health-related qual-

ity of life in patients with adolescent idiopathic scoliosis: a matched follow-up at
least 20 years after treatment with brace or surgery. Eur Spine J. 2001;10:278-288.
DOI: 10.1007/5005860100309.

. Danielsson AJ, Nachemson AL. Radiologic findings and curve progression 22 years

after treatment for adolescent idiopathic scoliosis. Comparison of brace and surgical
treatment with matching control group of straight individuals. Spine. 2001;26:516-525.
DOL: 10.1097/00007632-200103010-00015.

36

20.

21.

22.

23.

24.

26.

27.

28.

29.

30.

31

32.

33.

34.

. Danielsson AJ, Nachemson AL. Childbearing, curve progression, and sexual function

in women 22 years after treatment for adolescent idiopathic scoliosis: a case-control
study. Spine. 2001;26:1449-1456.

. Danielsson AJ, Romberg K, Nachemson AL. Spinal range of motion, muscle

endurance, and back pain and function at least 20 years after fusion or brace treat-
ment for adolescent idiopathic scoliosis: a case-control study. Spine. 2006;31:275-283.
DOI: 10.1097/01.brs.0000197652.52890.71.

. Dickson JH, Erwin WD, Rossi D. Harrington instrumentation and arthrode-

sis for idiopathic scoliosis. A twenty-one year follow-up. J Bone Joint Surg Am.
1990;72:678-683.

Fabry G, Cuyvers P, Mulier J. Operative treatment of adolescent idiopathic scolio-
sis with follow-up study of the postoperative physical and social status. Arch Orthop
Trauma Surg. 1980,96:287-289. DOL 10.1007/BF00432867.

Fabry G, Van Melkebeek J, Bockx E. Back pain after Harrington rod instrumenta-
tion for idiopathic scoliosis. Spine. 1989;14:620-624.

Gotze C, Lilienqvist U, Slomka A, Gotze H, Steinbeck J. Quality of life and back
pain: outcome 16.7 years after Harrington instrumentation. Spine. 2002;27:1456-1464.
Helenius I, Remes V, Yrjonen T, Ylikoski M, Schlenzka D, Helenius M, Pous-
sa M. Comparison of long-term functional and radiologic outcomes after Harrington
instrumentation and spondylodesis in adolescent idiopathic scoliosis: a review of 78
patients. Spine. 2002;27:176-180. DOL 10.1097/00007632-200201150-00010.
Humke T, Grob D, Scheier H, Siegrist H. Cotrel-Dubousset and Harrington
instrumentation in idiopathic scoliosis: a comparison of long-term results. Eur Spine J.
1995;4:280-283.

. Jeng CL, Sponseller PD, Tolo VI. Outcome of Wisconsin instrumentation in idio-

pathic scoliosis. Minimum 5-year follow-up. Spine. 1993;18:1584-1590.

Large DF, Doig WG, Dickens DR, Torode IP, Cole WG. Surgical treatment of dou-
ble major scoliosis. Improvement of the lumbar curve after fusion of the thoracic curve.
J Bone Joint Surg Br. 1991;73:121-125.

Lonstein JE. Selective thoracic fusions for AIS: long-term radiographic and functional
outcomes. SRS 50th Annual Meeting & Course. Minneapolis, Minnesota, USA, Septem-
ber 30-October 3, 2015. Final Program. P. 204.

Mariconda M, Galasso O, Barca P, Milano C. Minimum 20-year follow-up results
of Harrington rod fusion for idiopathic scoliosis. Eur Spine J. 2005;14:854-861.
DOI: 10.1007/500586-004-0853-7.

Michel CR, Lalain JJ. Late results of Harrington’s operation. Long-term evolution of
the lumbar spine below the fused segments. Spine. 1985;10:414-420.

Mielke CH, Lonstein JE, Denis F, Vandenbrink K, Winter RB. Surgical treat-
ment of adolescent idiopathic scoliosis. A comparative analysis. ] Bone Joint Surg Am.
1989;71:1170-1177.

Niemeyer T, Bovingloh AS, Grieb S, Schaefer J, Halm H, Kluba T. Low back
pain after fusion and Harrington instrumentation for idiopathic scoliosis. Int Orthop.
2005;29:47-50. DOL 10.1007 /500264-004-0599-1.

Orvomaa E, Hillesmaa V, Poussa M, Snellman O, Tallroth K. Pregnancy and
delivery in patients operated by the Harrington method for idiopathic scoliosis. Eur
Spine J. 1997;6:304-307. DOL 10.1007/BF01142675.

Padua R, Padua S, Aulisa L, Ceccarelli E, Padua L, Romanini E, Zano-
li G, Campi A. Patient outcomes after Harrington instrumentation for idio-
pathic scoliosis: a 15- to 28-years evaluation. Spine. 2001;26:1268-1273.
DOI: 10.1097/00007632-200106010-00019.

Paonessa KJ, Engler GL. Back pain and disability after Harrington rod
fusion to the lumbar spine for scoliosis. Spine. 1992;17(8 Suppl):5249-5253.
DOI: 10.1097/00007632-199208001-00006.

SPINE DEFORMITIES



HIRURGIA POZVONOCHNI4A 2016;13(4):28-39

35.

30.

37.

38.

39.

40.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

M.V. MIKHAYLOVSKIY. LONG-TERM RESULTS OF SURGERY FOR IDIOPATHIC SCOLIOSIS IN ADOLESCENTS: A META-ANALYSIS

Poitras B, Mayo NE, Goldberg MS, Scott S, Hanley J. The Ste-Justine Adolescent
Idiopathic Scoliosis Cohort Study. Part IV: Surgical correction and back pain. Spine.
1994;19:1582-1588. DOL 10.1097/00007632-199407001-00003.

Simony A, Christensen SB, Carreon LY, Andersen MO. Health-related quality
of life in adolescent idiopathic scoliosis patients 25 years after treatment. Eur Spine J.
2015;24(Suppl 6):5702. DO 10.1007/500586-015-4129-1.

Iida T, Suzuki N, Kono K, Ohyama Y, Imura J, Ato A, Ozeki S, Nohara Y. Mini-
mum 20 years long-term clinical outcome after spinal fusion and instrumentation for
scoliosis: comparison of the SRS-22 patient questionnaire with that in nonscoliosis
group. Spine. 2015;40:E922-E928. DOI: 10.1097/BRS.0000000000000991.

Willers U, Hedlund R, Aaro S, Normelli H, Westman L. Long-term results of Har-
rington instrumentation in idiopathic scoliosis. Spine. 1993;18:713-717.

Antuna SA, Mendez ]G, Lopez-Fanjul JC, Paz Jimenez J. Cotrel-Dubousset instru-
mentation in idiopathic scoliosis. A 5-year follow-up. Acta Orthop Belg. 1997;63:74-81.
Asher M, Lai SM, Burton D, Manna B, Cooper A. Safety and efficacy of Isola instru-
mentation and arthrodesis for adolescent idiopathic scoliosis: two- to 12-year follow-
up. Spine. 2004;29:2013-2023.

. Aydin E, Akalin S, Kurtulus B, Aslan H, Ates B, Senol V, Solak S. Results of

minimum 10 years follow-up of TSRH instrumentation in the treatment of adoles-
cent idiopathic scoliosis patients. Eur Spine J. 2006;15(Suppl 4):5484. DOL 10.1007/
500586-006-0194-9.

Beltran AA, Albanese S, Carl AL, Hesham K, Lavelle W. 15 to 25 year functional
outcomes of patients treated with posterior Cotrel-Dubousset (CD) instrumentation.
SRS 49th Annual Meeting & Course. Anchorage, USA, September 10-13, 2014. Final
Program. P. 151.

Benli IT, Ates B, Akalin S, Citak M, Kaya A, Alanay A. Minimum 10 years follow-
up surgical results of adolescent idiopathic scoliosis patients treated with TSRH instru-
mentation. Eur Spine J. 2007;16:381-391. DO 10.1007/500586-006-0147-3.
Bjerkreim I, Steen H, Brox JI. Idiopathic scoliosis treated with Cotrel-Dubous-
set Instrumentation: evaluation 10 years after surgery. Spine. 2007;32:2103-2110.
DOIL: 10.1097/BRS.0b013e318145a54a.

Boachie-Adjei O, Lawborne T, Green D, Mintz D, Rawins B, Burke S. Long-
term (11 year) follow-up of posterior spinal fusion for adolescent idiopathic scoliosis:
an evaluation of the rate of uninstrumented lumbar disc degeneration utilizing long-
term post-op MRI Spine: Affiliated Society Meeting Abstracts. 2008:19. DOI: 10.1097/01.
brs.0000320178.21918.31.

Boos N, Dolan LA, Weinstein SL. Long-term clinical and radiographic results of
Cotrel-Dubousset instrumentation of right thoracic adolescent idiopathic scoliosis.
Towa Orthop J. 2007;27:40-46.

Burton DC, Asher MA, Lai SM. Patient-based outcomes analysis of patients with
single torsion thoracolumbar-lumbar scoliosis treated with anterior or posterior instru-
mentation: an average 5- to 9-year follow-up study. Spine. 2002;27:2363-2367.
Carreon L, Spanyer J, Glassman S, Burke L, Canan C, Crawford C. Predictors
of long-term SRS total scores in patients with adolescent idiopathic scoliosis treated
surgically. Spine J. 2011;11 Suppl:$28-$29. DOI: 10.1016/j.spinee.2011.08.081.

Di Silvestre M, Bakaloudis G, Lolli F, Vommaro F, Martikos K, Parisini P.
Posterior fusion only for thoracic adolescent idiopathic scoliosis of more than 80
degrees: pedicle screws versus hybrid instrumentation. Eur Spine J. 2008;17:1336-1349.
DOI: 10.1007/500586-008-0731-9.

Edwards CC 2nd, Lenke LG, Peelle M, Sides B, Rinella A, Bridwell KH. Selec-
tive thoracic fusion for adolescent idiopathic scoliosis with C modifier lumbar curves:
2- to 16-year radiographic and clinical results. Spine. 2004;29:536-546.

Enercan M, Kahraman S, Cobanoglu M, Yilar S, Gokcen BH, Karadereler S,
Mutlu A, Ulusoy LO, Ozturk C, Erturer E, Gebes E, Sanli T, Alanay A, Hamza-
oglu A. Selective thoracic fusion provides similar health-related quality of life but can

37

52.

53.

55.

56.

57.

58.

59.

0.

6l.

=

62.

03.

o4.

05.

cause more lumbar disc and facet joint degeneration: a comparison of adolescent idio-
pathic scoliosis patients with normal population 10 years after surgery. Spine Deformity.
2015;3:469-475. DOL 10.1016/jjspd.2015.07.001.

Green DW, Lawhorne TW 3rd, Widmann RF, Kepler CK, Ahern C, Mintz DN,
Rawlins BA, Burke SW, Boachie-Adjei O. Long-term magnetic resonance imag-
ing follow-up demonstrates minimal transitional level lumbar disc degeneration after
posterior spine fusion for adolescent idiopathic scoliosis. Spine. 2011;36:1948-1954.
DOI: 10.1097/BRS.0b013e3181ff1ea9.

Helenius I, Remes V, Yrjonen T, Ylikoski M, Schlenzka D, Helenius M, Pous-
sa M. Harrington and Cotrel-Dubousset instrumentation in adolescent idiopathic
scoliosis. Long-term functional and radiographic outcomes. ] Bone Joint Surg Am.
2003;85:2303-2309. 54. Humke T, Grob D, Scheier H, Siegrist H. Cotrel-Dubousset and
Harrington instrumentation in idiopathic scoliosis: a comparison of long-term results.
Eur Spine J. 1995:4:280-283.

Kelly DM, McCarthy RE, McCullough FL, Kelly HR. Long-term outcomes
of anterior spinal fusion with instrumentation for thoracolumbar and lumbar
curves in adolescent idiopathic scoliosis. Spine. 2010;35:194-198. DOI: 10.1097/
BRS.0b013e3181bc948e.

Kohler R, Galland O, Mechin H, Michel CR, Onimus M. The Dwyer procedure in
the treatment of idiopathic scoliosis. A 10-year follow-up review of 21 patients. Spine.
1990,15:75-80.

Larson AN, Fletcher ND, Daniel C, Richards BS. Lumbar curve is stable after
selective thoracic fusion for adolescent idiopathic scoliosis: a 20-year follow-up. Spine.
2012;37:833-839. DOL: 10.1097/BRS.0b013€318236259f.

Larson AN, Polly DW, Shaughnessy WJ, Yaszemski MJ. Minimum 20-year radio-
graphic outcomes for treatment of adolescent idiopathic scoliosis: preliminary results
from a novel cohort of US patients. SRS 49th Annual Meeting & Course. Anchorage,
USA, September 10-13, 2014. Final Program. P. 183.

Lawborne TW, Green DW, Mintz DN, Rawlins BA, Burke SW, Widmann RF,
Boachie-Adjei O. Accelerated disc degeneration below posterior spinal fusion for
idiopathic scoliosis: a long-term MRI and clinical follow-up. SRS 43rd Annual Meet-
ing & Course. Salt Lake City, Utah, USA, September 10-13, 2008. Scientific Program
Abstracts. Paper 2.

Lenke LG, Bridwell KH, Blanke K, Baldus C, Weston J. Radiographic results
of arthrodesis with Cotrel-Dubousset instrumentation for the treatment of adoles-
cent idiopathic scoliosis. A five to ten-year follow-up study. ] Bone Joint Surg Am.
1998;80:807-814.

Metin D, Deria D, Us K. Five years results of CDI in surgical treatment of idiopathic
scoliosis. 4th International Congtess on Spine Surgery. Izmir, Turkey, May 26-30, 1996.
Final Programme & Abstracts. P. 60.

Mueller FJ, Gluch H. Adolescent idiopathic scoliosis (AIS) treated with arthrodesis
and posterior titanium instrumentation: 8 to 12 years follow up without late infections.
Scoliosis. 2009;4:16. DOL 10.1186/1748-7161-4-16.

Newton PO, Upasani VV, Lhamby J, Ugrinov VL, Pawelek JB, Bastrom TP. Sut-
gical treatment of main thoracic scoliosis with thoracoscopic anterior instrumentation.
A five-year follow-up study. J Bone Joint Surg Am. 2008,90:2077-2089. DOL 10.2106/
JBJS.G.01315.

Nohara A, Kawakami N, Seki K, Tsuji T, Ohara T, Saito T, Kawakami K. The
effects of spinal fusion on lumbar disc degeneration in patients with adolescent idio-
pathic scoliosis: a minimum 10-year follow-up. Spine Deformity. 2015;3:402-468.
DOL 10.1016/jjspd.2015.04.001.

Otani K, Saito M, Sibasaki K. Anterior instrumentation in idiopathic scoliosis: a mini-
mum follow-up of 10 years. Int Orthop. 1997;21:4-8. DOL 10.1007/5002640050108.

SPINE DEFORMITIES



HIRURGIA POZVONOCHNIKA 20106;13(4):28-39

60.

67.

08.

9.

70.

71.

72.

73.

75.

76.

M.V. MIKHAYLOVSKIY. LONG-TERM RESULTS OF SURGERY FOR IDIOPATHIC SCOLIOSIS IN ADOLESCENTS: A META-ANALYSIS

Perez-Grueso FS, Fernandes-Baillo N, Araus de Robles S, Garcia Fernandez A.
The low lumbar spine below Cotrel-Dubousset instrumentation: long-term findings.
Spine. 2000;25:2333-2341. DOIL: 10.1097/00007632-200009150-00011.

Pesenti S, Blondel B, Peltier E, Morin C, Sale de Gauzy J, Wolff S, Chalopin A,
Jouve JL. Evolutions of adolescent idiopathic scoliosis: results of a 20-year follow-up
study. SRS 50th Annual Meeting & Course. Minneapolis, Minnesota, USA, September
30-October 3, 2015. Final Program. P. 204.

Remes V, Helenius I, Schlenzka D, Yrjonen T, Ylikoski M, Poussa M.
Cotrel-Dubousset (CD) or Universal Spine System (USS) Instrumentation in ado-
lescent idiopathic scoliosis (AIS). Spine. 2004;29:2024-2030. DOIL: 10.1097/01.
brs.0000138408.64907.dc.

Samdani AF, Garg H, Cahill PJ, Marks MC, Bastrom T, Clements DH, Shah SA,
Shufflebarger HL, Betz RR, Newton PO. Five year results for Lenke 1 or 2 curves:
comparison of anterior, posterior hybrid, and posterior all pedicle screws. SRS 46th
Annual Meeting & Course. Louisville, Kentucky, USA, September 14-17, 2011. Final
Program. P. 103.

Sucato DJ, McClung A, Saran N, Thawani D, Garg S, Schiller JR. Ten year out-
come of patients following initial AIS surgery: a comparison of single surgery and revi-
sion surgery patients. SRS 46th Annual Meeting & Course. Louisville, Kentucky, USA,
September 14-17, 2011. Final Program. P. 104-105.

Sucato DJ, Brown KE, McClung AM. Results of AIS surgery at a minimum of 10
years using modern implant systems — are patients troubled by symptoms and a high
reoperation rate? SRS 50th Annual Meeting & Course. Minneapolis, Minnesota, USA,
September 30-October 3, 2015. Final Program. P. 246.

Sudo H, Ito M, Kaneda K, Shono Y, Abumi K. Long-term outcomes of anterior
dual-rod instrumentation for thoracolumbar and lumbar curves in adolescent idio-
pathic scoliosis: a twelwe to twelwe-three-years follow-up study. ] Bone Joint Surg Am.
2013;95:¢49. DOL 10.2106/JBJS.L.00781.

Suk SI, Lee SM, Chung ER, Kim JH, Kim SS. Selective thoracic fusion with
segmental pedicle screw fixation in the treatment of thoracic idiopathic scolio-
sis. More than 5-year follow-up. Spine. 2005;30:1602-1609. DOI: 10.1097/01.
brs.0000169452.50705.61. 74.
unfused lumbar spine in patients with idiopathic scoliosis. A 5- to 9-year assessment

Takahashi S, Delecrin J, Passuti N. Changes in the

after Cotrel-Dubousset Instrumentation. Spine. 1997;22:517-524.

Takayama K, Nakamura H, Matsuda H. Quality of life in patients treated surgically
for scoliosis longer than 16 years follow-up. Spine. 2009;34:2179-2184. DOL: 10.1097/
BRS.0b013€3181abf684.

Upasani VV, Caltoum C, Petcharapom M, Bastrom TP, Pawelek JB, Betz RR,
Clements DH, Lenke LG, Lowe TG, Newton PO. Adolescent idiopathic scoliosis

77.

78.

79.

80.

81.

—

82.

83.

84.

85.

patients report increased pain at five years compared with two years alter surgical treat-
ment. Spine. 2008;33:1107-1112. DOIL: 10.1097/BRS.0b013¢31816£2849.

Violas P, Chapius M, Bracq H. Local autograft bone in the surgical manage-
ment of adolescent idiopathic scoliosis. Spine. 2004;29:189-192. DOL: 10.1097/01.
BRS.0000105536.65164.B1.

Jianguo Z. Long-term results of selective anterior thoracolumbar/lumbar fusion for
adolescent idiopathic scoliosis more than 7 years follow-up in a single center. SRS 50th
Annual Meeting & Course. Minneapolis, Minnesota, USA, September 30-October 3, 2015.
Final Program. P. 246.

Chavanne A, Tuschel A, Becker S, Ogon M. 55 year follow-up of non-instrumented
scoliosis surgery. Eur Spine J. 2005;14(Suppl 1):576. DOL 10.1007 /s00586-005-0997-0.
Moskowitz A, Moe JH, Winter RB, Binner H. Long-term follow-up of scoliosis
fusion. ] Bone Joint Surg Am. 1980;62:364-376.

Risser JC. Scoliosis treated by cast correction and spine fusion. A long
term follow-up study. Clin Orthop Relat Res. 1976;116:86-94. DOI:
10.1097/00003086-197605000-00014.

Winter RB, Lonstein JE. Adolescent idiopathic scoliosis: case report with
63-year follow-up postsurgery. Spine. 2003;28:E441-E444. DOL 10.1097/01.
BRS.0000096461.08464.A9.

Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS. Evidence
based medicine: what it is and what it isn’t. BMJ. 1996;312:71-72.

Asher MA, Min Lai S, Burton DC. Further development and validation of the Sco-
liosis Research Society (SRS) outcomes instrument. Spine. 2000;25:2381-2386. DOL
10.1097/00007632-200009150-00018.

Baldus C, Bridwell K, Harrast J, Shaffrey C, Ondra S, Lenke L, Schwab F, Mard-
jetko S, Glassman S, Edwards C 2nd, Lowe T, Horton W, Polly D Jr. The Scolio-
sis Research Society Health-Related Quality of Life (SRS-30) age-gender normative data:
an analysis of 1346 adult subjects unaffected by scoliosis. Spine. 2011;36:1154-1162.
DOI: 10.1097/BRS.0b013e3181fc8f98.

Address correspondence to:
Mikhaylovskiy Mikhail Vitalyevich,
NNIITO, Frunze str., 17,
Novosibirsk, 630091, Russia,
MMihailovsky@niito.ru

Received 21.06.2016
Review completed 07.07.2016
Passed for printing 19.07.2016

Mikbail Vitalievich Mikbaylovskiy, DMSc, Prof., Head of Department of Children and Adolescent Vertebrology, Novosibirsk Research Institute of Traumatology and
Orthopaedics n.a. Ya.L. Tsivyan, Novosibirsk, Russia, MMibailovsky@niito.ru.

38

SPINE DEFORMITIES



HIRURGIA POZVONOCHNI4A 2016;13(4):28-39

M.V. MIKHAYLOVSKIY. LONG-TERM RESULTS OF SURGERY FOR IDIOPATHIC SCOLIOSIS IN ADOLESCENTS: A META-ANALYSIS

39

SPINE DEFORMITIES



