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Long-term Outcomes in the Surgical 
Management of Adolescent Idiopathic 
Scoliosis and Early-Onset Scoliosis

G. Sudhir, Nayeem Sharief, and K. Karthik Kailash

Highlights
• Surgery for EOS and AIS significantly improves lung capacity and pulmonary 

function.
• Various implants and instrumentation systems are available for EOS with their 

own merits and drawbacks.
• Although guided growth rod systems are associated with complications, they 

play a vital role in the treatment of EOS by delaying the need for fusion.
• Disc degeneration has been reported as a long-term complication, but its effect 

on the quality of life has not been studied in detail.
• Selection of an appropriate treatment modality, especially in EOS, can improve 

the outcome and prevent long-term complications.

1  Introduction

Adolescent idiopathic scoliosis (AIS) and early onset scoliosis (EOS) represent a 
three-dimensional rotational deformity of the spine. Adolescent idiopathic scoliosis 
(AIS) is recognized when the child is greater than 10 years of age and represents the 
most common type of idiopathic scoliosis affecting 3% of healthy adolescents [1]. The 
etiology of AIS is multifactorial and may include genetic factors, neurologic disorders, 
hormonal and metabolic dysfunctions, skeletal growth, biomechanics factors, and 
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environmental and lifestyle factors. AIS treatment depends on various factors, such as 
the age of the child and initial curve magnitude. Only 10% of children require treat-
ment, of which surgery is needed in 0.1% [2]. AIS also affects health-related quality of 
life (HRQoL); hence, the decision of surgical treatment versus (vs) conservative man-
agement is very important [3]. The most important prognostic factor for curve progres-
sion is the magnitude of the primary curve. The risk of progression is almost 100% for 
10–12-year-old children compared with 70% for 16-year-old children [4]. Nonsurgical 
management is recommended for a primary curve of ≥20–25°. Nonsurgical options 
include bracing for a minimum of 18 h per day for flexible deformities with a success 
rate of approximately 72% [5]. Indications for surgery include curves ≥45°, deformity 
correction, preventing curve progression, back pain, and psychological disturbances.

According to the Scoliosis Research Society, early-onset scoliosis is defined as a 
three-dimensional spine deformity present before 10 years of age. The etiology can be 
idiopathic, congenital, neuromuscular, or syndromic. Children with early-onset scolio-
sis eventually land up in pulmonary failure due to impaired alveolar growth, resulting in 
an increased risk of mortality [6]. Additionally, curve progression rapidly causes severe 
deformities with impaired physiological growth. The congenital anomaly can be due to 
failure of vertebral formation, failure of vertebral segmentation, or both. The risk of 
progression is highest in a unilateral unsegmented bar with a contralateral hemivertebra 
at the same level. These patients develop structural compensatory scoliosis above or 
below the congenital curve. Bracing does not effectively help in congenital scoliosis but 
is often indicated in the early management of structural compensatory curves. Infants 
(0–3 years) and juveniles (4–10 years) represent approximately 19% of all idiopathic 
scoliosis cases. Risk factors for progression among these curves include Cobb angles 
greater than 30° and rib-vertebral-angle differences >20°. Corrective casting/bracing or 
other management is indicated for these children is surgery for idiopathic EOS is indi-
cated for curves >60°. Neuromuscular scoliosis occurs as a result of underlying neuro-
logical or muscular disease and is associated with problems with sitting balance, 
hygiene, nursing care, and cardiopulmonary compromise. Treatment is the observation 
of small, flexible neuromuscular curves that do not cause any functional impairment, 
while severe deformities resulting in pulmonary impairment require surgery.

The benefits of surgery include the correction of cosmetic deformity and 
improved quality of life, pulmonary function, and psychosocial life.

In contrast, surgery may result in complications such as the neurological deficit, 
crankshaft phenomenon, progression of the curve, implant failure, pseudarthrosis, 
decompensation, worsening of deformity, etc.

For advancements in modern surgical practice, we must collect and process 
patient outcome data.

2  Pulmonary Function

New alveolar growth occurs until the age of 5–8 years of life. However, it can con-
tinue until approximately 18–23 in males and 17–21 in females. Surgical correction 
of AIS can improve the structural deformity of the chest wall, but its effect on 
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pulmonary function is unclear. There is inconclusive evidence, with some showing 
evidence [7] and some showing no change [8] or even some deterioration [9] after 
surgery. The surgical approach utilized is one of the factors causing this discrepancy. 
Some studies with a follow-up of 2–5 years in which they have performed anterior 
fusion via thoracotomy or rib resection thoracoplasty [10] have shown worse pulmo-
nary function results compared to those surgeries that spare the chest wall. Surgical 
techniques involving Harrington instrumentation or segmental spinal instrumenta-
tion utilizing multiple hook-rod constructs have shown differing results, with some 
showing improvement and others showing no or even deterioration. A study with 
more than 20 years of follow-up utilizing Harrington rod instrumentation of 110 
patients found an increase in FEV1, FVC, and percent predicted FCV and FEV1 [7]. 
Newton and colleagues [11] published their results of factors that independently 
predicted postoperative pulmonary function in 254 AIS patients. Their results found 
that aside from preoperative PFTs, the largest predictors of postoperative PFTs were 
an open anterior approach and a thoracoplasty. Both were negatively associated with 
postoperative pulmonary function. A study performed by Gitelman et al. [12] with a 
follow-up of 10 years suggests that procedures that violate the chest wall will leave 
patients with worse pulmonary reserves than procedures that spare the chest wall.

3  Implant-Related Outcome

Implant-related complications associated with hooks, screws, or rods account for 
approximately 0.64–1.37% of all complications in surgery for AIS [13]. Pedicle 
screw instrumentation is a safe and effective technique in these patients [14, 15]. 
However, they are associated with complications such as pedicle breach, pedicle cut 
out, screw loosening, dural tear, CSF leak, pleural injury resulting in pneumothorax, 
pleural effusion, screw prominence in thin children resulting in pressure sores, and 
wound dehiscence [14, 16].

4  Complications of Various Surgical Techniques for EOS

One of the most important disadvantages of traditional growth rods, which utilize 
the principle of distraction to correct the deformity, is the need for repetitive surgery 
(every 6 months) to distract the rods through the connectors. This poses the child at 
risk of anesthetic complications, infection, and financial burden. According to Bess 
et al. [17], the complication rates reached 55% in their study of 140 patients, with 
an average of 2.2 complications per patient. Implant failure, anchor failure, and 
surgical site infections were the common complications. The other reported compli-
cation of the growth rod technique is the spontaneous fusion of the uninstrumented 
segments. Although subperiosteal dissection was not performed in these patients 
and the rods were introduced intramuscularly, spontaneous fusion occurred in 80% 
of them after an average of 5 lengthening procedures [18]. Additionally, the “law of 
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diminishing returns” described by Sankar et al. can happen, which is a reduced abil-
ity to lengthen or distract the rods further and correct the deformity due to stiffening 
of the instrumented portion of the spine. The other documented complications of 
growth rod procedures include proximal junctional kyphosis and failure due to 
kyphosis produced by distraction and lengthening of the posterior column and exac-
erbation of chest torsion, as this technique cannot control vertebral rotation.

The principle of magnetic growth rods is similar to that of traditional growth 
rods, but repetitive surgeries are not needed because the telescopic connector can be 
manipulated by external remote control. However, the complication rates and spon-
taneous fusion are similar to those of the traditional growth rod technique. The most 
common complications with magnetic rods include revision surgery, implant fail-
ure, and foundation failure [19].

The anterior vertebral body tethering technique is used for mild to moderate flex-
ible thoracic idiopathic curves in skeletally immature patients. Although the short- 
term results are promising with this technique, long-term outcomes are awaited. 
Newton et al. compared the anterior vertebral body tethering technique with defini-
tive fusion and found that the maintenance of correction was better with definitive 
fusion with fewer complications and revision procedures.

The guided growth systems for EOS include a modified Luque trolley and Shilla 
technique. However, the complication rates, which include spontaneous spine 
fusion, rod breakage, and revision surgeries, are significantly higher than those of 
the traditional growth rod technique.

 Degenerative Disc Disease

One of the delayed complications of AIS both before and after surgery is degenera-
tive disc disease. Pain due to degenerative disc disease has been reported [20]. 
According to Green et al., a higher rate and grade of disc degeneration was seen in 
patients with a lower level of fusion after posterior spinal fusion surgery [21]. In 
contrast, Harding et al. found no correlation between the number of fused vertebrae 
and disc degeneration [22]. Danielsson et al. [23] analyzed 32 AIS patients who 
were followed for 25 years postspinal fusion with Harrington rod instrumentation. 
They noted more degenerative disc changes, reduction in disc height, and end-plate 
changes in the lowest nonfused disc on MRI scans compared with the control group.

Kelly et al. [24] evaluated the long-term outcome for AIS patients who under-
went anterior spinal fusion and found that all six patients had narrowing of disc 
space and loss of signal intensity in the unfused disc below the fusion mass in 
T2-weighted MRI images. According to Akazawa et al. [25], with 35 years of fol-
low- up after spinal fusion surgery in AIS, patients with the last instrumented verte-
bra L4 or lower had severe disc degeneration, reduced lumbar lordosis and global 
sagittal imbalance than those with the last instrumented vertebrae at L3 or higher. In 
a study performed by Chiu et al. [26], there was no difference in the degeneration of 
unfused lumbar discs below the level of fusion, and it was not related to the 
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selection of LIV. However, they found that patients with fusion to L4 or lower had 
significant back pain compared to those in whom the fusion ended at L3 or higher.

The postsurgical rigid spine can cause strain on the unfused vertebra. A higher 
degree of correction is associated with increased rates of degenerative osteoarthritis. 
This can result in excessive stress on the rigid spine, leading to serious injuries even 
with trivial trauma and low-velocity injuries.

 Postsurgical Pain

Postsurgical pain is one of the primary indications for reoperation [27]. Cook S 
et  al. [28], in their study of 190 patients, documented a reoperation rate within 
2–8 years postsurgery of 19%, and postsurgical pain was the main indication in 
these patients. In a study performed by Islam NC et al., among 34 patients with 
significant postsurgical pain, 56% had relief of pain after revision surgery, whereas 
the remaining 44% had persistent pain. Additionally, two patients without preopera-
tive pain reported fresh onset pain during follow-up [29]. Pain and donor-site mor-
bidity after bone grafting are well-documented complications. According to Skaggs 
et  al. [30], in a study of 87 patients, 24% had donor site pain, and 15% of the 
patients reported severe pain that interfered with their daily activities.

 Curve Progression and Crankshaft Phenomenon

Some curves continue to progress even after spinal fusion. This could be due to rod 
breakage or other forms of implant failure. Pseudarthrosis can occur years after 
surgery and can be difficult to diagnose [31]. The crankshaft phenomenon is a well- 
known complication and usually occurs in young skeletally immature children after 
rigid fusion. It is a condition that occurs after isolated posterior instrumentation 
where there is continued spinal growth in the unfused anterior part causing rotation 
around the fusion mass [32, 33], resulting in the progression of the deformity and 
decompensation.

 Decompensation and Flat Back Syndrome

Another delayed complication after surgery for AIS is sagittal imbalance and 
decompensation [34]. Distraction-based maneuvers for spinal deformity correction 
can reduce thoracic kyphosis. This can lead to altered global sagittal spinal imbal-
ance by flattening the thoracic and lumbar spine. Postoperative flatback syndrome 
can lead to persistent and severe back pain, impaired quality of life, and significant 
disability [35].
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 Increased Deformity of the Thorax

The rib hump can worsen even after straightening and derotating the spine [36]. 
Costoplasty is a technique of excision of the ribs on the convex side with a signifi-
cant rib hump. It significantly improves the cosmetic appearance of patients [37]. 
However, costoplasty can lead to a flail chest because of the destabilizing effects of 
rib removal [38]. It can also lead to torsional deformities of the thorax and the pro-
gression of scoliosis. Furthermore, excision of the ribs can result in a reduced vol-
ume of the thoracic cavity, resulting in impaired pulmonary function [39].

5  Conclusion

Surgery is an effective and recommended treatment for EOS and AIS. However, the 
treating surgeon should be aware of the long-term outcomes and complications of 
the procedure as well as of the implants and instrumentation techniques to prevent 
delayed and disabling complications in these patients.
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