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ABSTRACT

Background: Adolescent idiopathic scoliosis [AIS] is a structural
spinal deformity of unknown etiology that affects adolescents at or
near their onset of puberty. It adversely affects patient’s quality of
life.

Aim of the Work: The current work aimed to assess the clinical,
radiological and functional results of AIS surgical correction.

Patients and Methods: The study included 20 subjects with AIS who
were treated by surgical intervention. Then, they were evaluated for
clinical, radiological and functional outcome. Demographic data
were collected on a preformed sheet. The preoperative assessment
consisted of history taking and clinical examination. A standing
posteroanterior, and lateral plain X-ray were performed for total
spine [T1-S1]. The functional outcome was evaluated by the
Scoliosis Research Society-30 [SRS-30].

Results: There was a female sex predominance [16 were females].
Patients below 15 years of age represented 70.0%. The mean + SD
Lenke classification was 3.20 + 1.74, while number vertebrae was
10.35 + 1.66. The primary Cobb angle ranged between 45 and 85’,
while the secondary Cobb angle ranged between 0 to 50° before
surgery, and there was significant reduction of both primary and
secondary Cobb angles after than before surgery. The shoulder
imbalance was reported in all patients perioperatively, that was
absent in all but one patient had slight elevation of the right
shoulder after surgery. All had pelvic tilt before surgery that was
absent postoperatively except for two patients who had slight tilt
with significant improvement after surgery. Only 1 [5.0%] had
postoperative complications [hypovolemic shock].

Conclusion: Surgical treatment of AIS had the highest probability to
achieve better Cobb angle correction with good function and lower
complication rate.
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INTRODUCTION

Adolescent idiopathic scoliosis [AIS] is a
structural, three-dimensional deformity of the
spine. It affects 2-3% of general populations;
0.3 to 0.5% of them are progressive and need
correction™2, The surgery mainly aimed to
restore a balanced trunk and achievement of
solid fusion. It attains good radiological, clinical
and functional outcomes. However, patient
satisfaction and quality of life [QoL] may be
poor. Many factors influence AIS postoperative
outcomes, including age, sociocultural factors,
ethnicity and gender. Recognition of these
factors before surgery may help in prediction of
the treatment outcome B4,

Patients older than 15 years of age at the
time of surgery reported more satisfaction than
younger patients. Individual factors like
education may justify such findings. In addition,
adolescents older than 15 years of age had more
back pain due to asymmetric load distribution
on the facet joints produced by scoliotic
deformities. Surgical correction improves this
pain and shares in higher patient satisfaction B,

Male patients had higher postoperative
satisfaction, due to higher "mental health"
domain scores than females 261, However, there
is inconsistency in  reported  results.
Additionally, the influence of the correction
amount on functional outcomes of AIS is not
well recognized. A weak correlation between
curve of correction and functional outcomes
was reported [°1. Also, another research showed
a higher rate of complications after major
corrections,  comprising  iatrogenic  trunk
imbalance %, But, the degree of correction after
surgical intervention was a significant predictor
of the functional scores, self-image/appearance
and satisfaction [ 12

There is two main ways to classify
idiopathic scoliosis. The first distinguishes
infantile [from birth to 3 years of age] from
juvenile [after 4 and before 10 years], and
adolescent [> 10 years] types of scoliosis [,
The second classification system differentiates
between early from late-onset scoliosis, where
early describes that before and late describes
that after the age of 10 years (7,

The aim of this study was to assess the
results of the surgical correction of adolescent
idiopathic scoliosis clinically, radiologically and
functionally.
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PATIENTS AND METHODS

Between January 2018 & January 2022,
twenty patients with AIS were included. All
were selected from the orthopedic Department,
Damietta Faculty of Medicine, Al-Azhar
University, and Damietta, Egypt. The patient
and his/her guardian signed an informed consent
before surgery. This was performed after full
explanation of the study procedure, and all
aspects of benefits and complications related to
the procedure. All patients are independent and
active [as described by themselves] and were
looking for treatment to uphold their quality of
life. The average follow-up for all patients, was
6 months.

Patients were included when they had AIS
with a Cobb angle > 20", their age between 10
and 29 years at the time of surgery and signed
an informed consent. On the extreme side,
patients were excluded if they have other types
of scoliosis [e.g., congenital, neurogenic,
paralytic and post traumatic], had associated
significant comorbidities, patients who did not
completed the shortest follow up period [6
months], and patients refused to participate in
the study.

Demographic data were collected on a
preformed sheet. These data included patient’s
age, gender, calculated body mass index [BMI],
medications and associated comorbid conditions
[e.g., diabetes mellitus and hypertension].

The preoperative assessment consisted of
history taking and clinical examination. The
plain X-ray was completed on the standing
posteroanterior, and lateral positions. It included
the total spine [T1-S1]. Computed tomography
[CT] and magnetic resonance imaging [MRI]
was performed according to the need. Finally,
the laboratory investigations were in the form of
complete blood count [CBC], prothrombin time
[PT], International normalization ratio [INR],
liver and kidney function tests

All operations were performed under
general anesthesia in prone position, after
intravenous antibiotic administration, one hour
before surgery. The surgery was performed by
the posterior approach through posterior midline
incision. Instrumentation with pedicle screws,
reshoes and connecting pars if needed. Finally,
suction drain was inserted for all patients and
was applied for 48 hours after surgery.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5474410/#B1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5474410/#B2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5474410/#B11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5474410/#B17
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5474410/#B19
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Postoperatively, intravenous antibiotics
were continued for the next four days and then
shifted to oral medications. The postoperative
assessment included clinical, radiological and
functional assessment.

The radiographic assessment was achieved
by X-ray examination at the postoperative 4"
day, at the end of the 6" week, at the end of the
6™ month after surgery and at the final follow-
up. The curve magnitude was determined by the
Cobb technique 24,

The percentages of flexibility were
calculated by the equation [[the magnitude of
the preoperative upright coronal Cobb angle -
the magnitude of the bend Cobb angle] / the
preoperative upright coronal Cobb angle]. The
postoperative percent of correction was
calculated from the coronal curves by the
following equation [[the preoperative coronal
Cobb angle - the magnitude of the coronal Cobb
angle at final follow-up]/ by the preoperative
Cobb angle]. The curve types were classified
according to the Lenke classification %, The
threshold level for doing only posterior spinal
fusion [PSF] or combined anterior spinal fusion
[ASF] and PSF was a curve magnitude of 70°.
Bending views were used to determine the
fusion levels.

The functional outcome was evaluated by
SRS-30 questionnaire. It involves 30 questions,
divided into 5 domains [pain, function,
appearance, mental health and satisfaction].
Each question answer ranges from 1 [the worst
scenario] to 5 [the best scenario] and the
maximum total score is 150.

The following parameters were correlated
with the SRS-30 results: [1] patient age at the
time of surgery; [2] the use of braces before
surgery; [3] the main thoracic Cobb angle; [4]
the main thoracic curve correction; [5] patient
gender and [6] complications.

Data management and Statistical Analysis

Data entry, processing and statistical
analysis was carried out using SPSS version 20
[IBM® SPSS®, Chicago, USA Statistical
Package for the Social Sciences]. Data were
presented by their mean and standard deviation
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[SD] [quantitative data] or relative frequency
and percentages [qualitative data], and suitable
analysis was perfumed according to the type of
data [independent samples student “t” test,
paired samples “t” test, Chi square test, or its
equivalents]. P-values less than 0.05 [5%] was
considered statistically significant.

RESULTS

In the current work, data of 20 patients
were analyzed. There was female sex
predominance [16 were females]. The age
ranged between 10 and 18 years, and those
below 15 years of age represented 70.0%. The
mean + SD Lenke classification was 3.20 £
1.74, while number vertebrae was 10.35 + 1.66
[Table 1].

The primary Cobb angle ranged between
45 and 85°, while the secondary Cobb angle
ranged between 0 to 50° before surgery. There
was significant reduction of both primary and
secondary Cobb angles after than before surgery
[table 2].

The shoulder imbalance was reported in all
patients perioperatively, that was absent in all
but one patient had slight elevation of the right
shoulder after surgery. In addition, all had
pelvic tilt before surgery that was absent
postoperatively except for two patients who had
slight tilt with significant improvement after
surgery [table 3].

The number fused segment [1] was in 20
[100.0%] of the studied cases. There were 20
[100%] had surgical techniques [Spondylo-
desis].

There were 19 [95.0%)] of the studied cases
had no postoperative complications and only 1
[5.0%] had postoperative complications [hypo-
volemic shock]. The mean Cincinnati correction
index of the studied cases [Postoperative] was -
9.04 £ 7.42 SD with range [-31.30 — -2.0].

The operative time ranged between 2.30
and 5.0 hours, while blood loss ranged between
300 and 1000.0 ml. the mean curve corrective
percentage was 88.33 = 12.99, while the mean
loss of correction ranged between 0 and 35
degrees [table 4].



Table [1]: Distribution of the study cases according to patient demographics, Lenke
classification and number vertebrae [n=20]

Sex [n, %] Male 4 [20.0%)]
Female 16 [80.0%]
Age [years] Mean + SD 13.15+2.16
Min. — Max. 10.0-18.0
Age group [n, %] <15 14 [70.0%]
>15 6 [30.0%]
Lenke Classification Mean = SD 3.20+1.74
Min. — Max. 1.0-5.0
Median [IQR] 3.0 [1.0-5.0]
Number vertebrae Mean *+ SD 10.35+ 1.66
Min. — Max. 7.0-12.0
Median [IQR] 10.0[9.50 — 12.0]

Table [2]: Descriptive analysis of the study cases according to Primary and Secondary Cobb
before and after treatment

Preoperative Postoperative Test p
Primary Cobb Min. — Max. 45.0-85.0 0.0 —30.0
Mean + SD. 58.75 + 13.50 6.75 + 7.83 3.931 | <0.001*
Median [IQR] 55.0 [46.0-70.0] 7.50 [0.0-10.0]
Secondary Cobb Min. — Max. 0.0 -50.0 0.0-10.0
Mean + SD. 9.75+17.73 6.0 +4.18 2.041 0.041"
Median [IQR] 0.0 [0.0 - 15.0] 5.0 [5.0 - 10.0]
Table [3]: Distribution of the study cases according to pre- and post-operative global balance
and tilt
Preoperative Postoperative  Test p
No. % No. % \
Global Shoulder imbalance 20 100.0 0 0.0
balance Balanced shoulder 0 0.0 19 95.0 437 @ <0.001*
Slight elevated Rt. Shoulder 0 0.0 1 5.0
Tilt No tilt 0 0.0 18 90.0
Pelvic tilt 20 100.0 0 0.0 430 <0.001*
Slight tilt 0 0.0 2 10.0
Table [4]: Descriptive analysis of the study cases according to Operative data
Min. — Max. Mean = SD. Median [IQR]
Operative time [hours] 2.30-5.0 3.19 + 0.65 3.0 [3.0-3.30]
Blood loss [cm] 300.0 - 1000.0 585.0 + 200.72 500.0 [500-600]
Curve correction [%] 53.80 — 100.0 88.33 £ 12.99 90.75 [78.85-100.0]
Loss of correction [°] 0.0-35.0 7.11+£871 5.0 [0.0-10.0]

DISCUSSION

Scoliosis is defined as a lateral spinal
abnormality of the spinal curve provided that
the Cobb angle of >10°. It may be primary or
secondary. The primary [idiopathic] type mainly
classified according to patient’s age. However,
the secondary type classified according to the
etiology. Different causes were reported for
secondary type [e.g., neuromuscular, congenital,
developmental, or tumors] €1, The primary type
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affects about 80.0% of all cases . Girls were
more affected than boys by AIS [ King
introduced a classification system based on
coronal radiographs and differentiating five
types and recommended the specific levels of
arthrodesis [, Subsequently, Lenke et al.
developed a new AIS classification system,
based on the coronal and sagittal plans
radiographs %, The AIS surgical treatment
involves instrumentation to correct and stabilize
vertebrates with meticulous spinal arthrodesis



by bone grafting. The main aims of AIS surgery
are to re-correct the curve, get a balanced spine,
and to improve cosmosis. This was achieved by
different approaches [e.g., anterior, posterior or
combined] @Y. AIS surgery witnessed
introduction of new surgical techniques, use of
pedicle screws, new techniques to reduce the
curve, use of bone substitutes, blood
conservation methods, and spinal cord
monitoring. These advances have added to the
complexity of the choice of surgical option 221,
There is little evidence to support the most
reasonable treatment option. Ethical concerns
are against randomized control trials in AlS. In
addition, the small number of patients available
for treatment in each center, adds to the
challenges of these trials. Thus, the high-quality
evidence is difficult to be established 2,

The aim of this study was to assess the result
of surgical correction of adolescent idiopathic
scoliosis  clinically,  radiologically  and
functionally.

In this study we demonstrated that there were
4 males and 16 females with mean age was
13.15 + 2.16 years. This age was typical for
adolescent scoliosis presentation. We can
explain this unexpected percentage by the fact
that most females sought medical advice and
correction early in the course of the disease
before the curve has reached such a degree.
Rahma et al. 4 found that there were 16 male
patients and 16 female patients [n = 32]. The
mean age at presentation for patients was
13.63 years [range: 10-17]. In the Ege et al. [?],
series [posterior only], 26 of 29 patients were
females [n =29]. The mean age was 14.6
years [12-28 years] at the time of surgery.
Hamzaoglu et al. 8 study [posterior only]
revealed that, there were four males and 11
females [n = 15]. The average age at the time of
surgery was 17.8 years.

In this study both primary and secondary
Cobbs were significantly reduced after than
before surgery. Rahma et al. ¥ found that the
mean preoperative Cobb angle was 96.75
+ 20.59 and this was corrected to 80.69 = 20.36
with a flexibility index of 16%. Ahmed et al. #']
found that the mean Cobb angle of thoracic
curve was 59° for all patients submitted to
thoracotomy  with anterior or posterior
arthrodesis, which showed a significant
decrease after surgery to 39°, with a correction
rate of about 31%. Data collected from other
series using the combined approach revealed
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that in the Bullmann et al. ™ series

[combined], the preoperative Cobb angle of the
curve was 93.4 + 12.2 [range: 80-122] and
corrected to 72.1 £ 17.1 [range: 48-118] on
bending films [flexibility is 23%]. In the Li et
al. 1 study [combined], the immediate
postoperative mean Cobb angle was 50.5°, with
a correction rate of 48.6%.

Mariconda et al. B% study showed that,
there was a significant reduction in thoracic and
lumbar angles with marked reduction in the rib
hump, one year after surgery. Mueller et al. B4
found that the angle of the thoracic curve was
31.0°, with a final correction rate of 50.3%. The
mean preoperative lumbar curve was 43.5°
Postoperatively, the lumbar curve angle was
reduced to 16.3° with a correction rate of
62.5%. Maruyama et al. 2 found that Cobb
angle at the first postoperative visit was
48.5°+9.3°, the age at surgery was 16.0+2.6
years and Cobb angle just before surgery was
62.2° + 8.5°.

All clinical parameters in the current series
were significantly improved after intervention,
and this improvement was more or less
maintained during the follow-up period, 95.0%
had balanced shoulder and only [5.0%] had
slight elevated right shoulder. No postoperative
tilt reported among 18 [90.0%] and 2 [10.0%]
had slight tilt. Abdelaziz et al. ! found that the
surgical correction elicited a significant
reduction in the Cobb’s angle and pelvic tilt
with significant increase in the lumbar lordosis
reflecting the successful outcomes of the
surgery.

In relation to clinical follow-up, Rahma et
al. 24 found that rib hump was reduced from
16.81° preoperatively to 3.94° postoperatively
without significant changes during follow-up
[76.5% correction]. Shoulder imbalance was
reduced from 4.44° preoperatively to—0.88°
postoperatively without significant changes
during follow-up [100% correction]. Waistline
asymmetry was reduced from 0.75 pre-
operatively to 0.20 postoperatively without
significant changes during follow-up [73%
correction]. Trunk shift was reduced from 2.31°
preoperatively to 0.88° postoperatively without
significant changes during follow-up [62%
correction]. In the Hamzaoglu et al. 8 study
[posterior only], shoulder imbalance was
reduced in all patients from 10 ° to 1° without
loss of correction during follow-up [90%
correction].



Bullmann et al. 28 series [combined]
revealed that, the rib hump was decreased from
23 to 11° [52% correction rate] without any
correction loss at the final follow-up visit. The
lumbar hump was corrected from 10 to 3° [70%
correction rate] without relevant changes during
follow-up.

In this study we illustrated that the mean
Lenke classification was 3.20 + 1.74 with range
[1.0 — 5.0]. The mean Number vertebra was
10.35 = 1.66. According to the prevalence of
different Lenke types; the Rahma et al. 24
study included six main thoracic curves [type 1]
[18.8%], six double thoracic curves [type 2]
[18.8%], 10 double major [type 3] [31.3%], six
triple major curves [type 4] [18.8%] and four
thoracolumbar/thoracic curves [12.5%] [table
6]. The Dobbs et al. B4 study [combined]
included five patients [25%] with type 2 curves
[double thoracic], 10 patients [50%] with type 3
curves [double major] and five patients [25%]
with type 4 curves [triple major]. The Li etal.
(291 study [combined] included three patients
[10%] with a type 1 curve [single thoracic
curve], six patients [19%] with type 2 cures
[double thoracic curves], 16 patients [52%] with
type 3 curves [double major curves] and six
patients [19%] with type 4 curves [triple major
curves].

In study in our hands, we demonstrated that
the number fused segment was 1 in 20 [100.0%]
of the studied cases. There were 20 [100%] had
surgical techniques [Spondylodesis]. Rahma et
al. 4 found that the mean number of fused
segments, the mean number of fused segments
in our study was 14 + 1.15 [range: 12-17]. In
the Bullmann et al. %8 series [combined], the
number of fused segments was 11.2 = 1.2
[range: 9-13]. Meanwhile, in the Li et al. [
series [combined], the mean number of fused
segments was 13 [range: 10-14].

In this work, we demonstrated that the mean
operative time was 3.19 + 0.65 SD with range
[2.30 — 5.0] and the mean blood loss was 585.0
+ 200.72 SD with range [300.0 — 1000.0], these
two variables were shown to decrease in
proportion to the experience of the surgeon. In
terms of operative time and average blood loss,
the average surgery time in the Rahma et al. 24
study was 318.75 + 93.51 min, while the mean
blood loss was 2390 + 500 ml. In the Bullmann
et al. 28 study [combined], the mean operating
time was 412 + 78 min [range: 250-540 min].
The mean intraoperative blood loss was 1533 +
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963 ml [range: 250-4500 ml]. In nearly all
cases, the cell saver system was used with an
average retransfusion of 372 ml [0-2100 ml].
Furthermore, patients received 2.2 units [0-4
units] of predonated blood on average.

Meanwhile, in the Li et al. @ study
[combined], the mean duration of surgery was
480 min [range: 360-630 min] and the mean
intraoperative blood loss was 1648 ml [range:
1200-2000 ml]. The mean blood loss in our
study was less than expected [585 ml], and this
mean was lower than other matched literature of
Bullmann [1533 ml] and Li [1648 ml]. This was
statistically significant [P < 0.001]. This may be
explained by the surgical technique of extensive
posterior release, decortication for fusion and
due to the mean number of fused segments in
their series.

Our results showed that there were 19
[95.0%] of the studied cases had no
postoperative complications and only 1 [5.0%]
had postoperative complications [hypovolemic
shock]. Rahma et al. 4 found that two patients
developed permanent paraplegia [neurological
complications 6.3%], two patients developed
superficial infection [infection 6.3%], eight
patients had cosmetic complications [SiX
shoulder imbalance, two coronal imbalances
with proximal junctional kyphosis, cosmetic
complications 25.0%] and two patients required
temporary respiratory support [respiratory
complications 6.3%].

In the Bullmann et al. 28 one patient
needed an additional chest tube insertion on the
contralateral side due to extensive pleural
effusion on the 3™ postoperative day. Another
one had ileus, and treated conservatively. One
patient had polyuria, which resolved by
conservative therapy. A superficial wound
revision in another one patient was required on
the 3" postoperative day due to a torn drain. No
neurological complications or deep wound
infections were recorded. However, at the 6%
month after surgery, one patient had a fracture
of a rod in the cephalad segment without
breakage of the posterior rods, without any loss
of correction or signs of pseudarthrosis. Four
patients needed temporary ventilator support.

In the Li etal. @ study [combined], one
patient had pneumothorax, one had hemothorax,
one had pleural effusion, one had pneumonia,
one had superficial infection, and one developed
transient gastrointestinal tract complications



[13% respiratory complications, 3% infection
complications, 3% other complications].

In this study, we illustrated that the mean
curve correction was 88.33 £ 12.99 with range
[53.80 — 100.0]. The mean loss of correction
was 7.11 + 8.71 with range [0.0 — 35.0]. Rahma
et al. 4 found that in terms of immediate and
long-term postoperative correction, there was a
significant correction [P < 0.001] of the mean
preoperative Cobb angle from 96.75 + 20.59 to
a mean postoperative Cobb angle 29.75 + 16.07,
about 69% correction, which increased slightly
to 31.25 £ 16.02 after follow-up, about 1% loss
of correction [follow-up one year].

In the Bullmann et al. 1 series [combined],
primary curve correction rate was 67%, with a
mean postoperative Cobb angle of 31 + 11.8°.
The final correction was 65%, with a mean loss
of correction of 1.9° or 2% [total follow-up 3
years]. Li etal. ?° found that the long-term
postoperative mean Cobb angle was 53.7° for a
correction loss of 3° or 3% [follow-up 3.5
years].

There are several weaknesses in this study
included relatively small sample sizes and no
comparative groups., and the corrections
attained from the posteromedial translation will
require future comparison to other reduction
methods assessed with low dose stereo-
radiography. Although the follow-up period was
short, it is accepted that loss of correction after
fusion in AIS occurs during the first year after
surgery and that results of spine surgery can be
evaluated after a minimum follow-up of 2 years.

In this study we concluded that surgical
treatment of AIS had the highest probability to
achieve better Cobb angle correction and lower
complication rate. Moreover, our mean
correction 88.33 + 12.99 was one of the best
correction rates among other matched studies,
and loss of correction percentage [1%] was the
least among other matched literature. Hypo-
volemic shock was encountered in our study
only and were mostly in one patient with a very
large preoperative Cobb angle.
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