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ABSTRACT
Adolescent idiopathic scoliosis (AIS) is a structural spinal deformity affecting children >10-years-old without a clear pathogenesis. 
Appropriate early treatment of AIS is key, as untreated AIS can lead to severe cardiopulmonary dysfunction due to mechanical and 
structural abnormalities. Patients with mild-to-moderate AIS (10-40°) are treated with non-operative measures while patients with 
severe AIS (>40°) are treated surgically. Nonsurgical interventions include scoliosis-specific exercises (SSE) and bracing. These measures 
slowly correct the spinal deformity without the need for surgery. When the spinal deformity is >40°, spinal fusion is presently the 
standard of care. However, vertebral body tethering and stapling are two fusionless approaches currently undergoing investigation. 
Pediatric primary care providers should have an awareness of this diagnosis and its evolving treatment options to counsel families 
and effectively partner with orthopedic specialists in providing optimal patient care. 

INTRODUCTION
Adolescent idiopathic scoliosis (AIS) is a spinal deformity with both vertebral rotation and a lateral curvature of at least 10° in children 
of at least ten years of age. AIS is the largest subset of spinal deformities, affecting 1-4% of adolescents between the age of 10 and skeletal 
maturity.1 The need for intervention depends largely on the magnitude and progression of the curve, since the presumption is that 
greater curve magnitude is associated with increased risk of future negative physical and psychological consequences. These include 
decreased pulmonary function, increased back pain, psychosocial difficulties and decreased quality of life.2 The level of intervention 
in the current management of AIS depends on both the severity of the curvature as measured by the Cobb angle and future growth 
potential of the patient’s spine. Pediatric primary care providers must partner with orthopedic specialists to care for these patients, and 
an awareness of current diagnostic and therapeutic approaches is useful to primary care providers as they assess and counsel patients. 

Scoliosis specific exercise (SSE) are typically recommended for patients with primary curve angles measuring 10-40° a with the goals 
of developing awareness of self-correcting postures and encouraging muscle strength to enhance the effects of a brace. Bracing is also 
recommended to these patients with the goal that the external corrective forces of the brace will halt curve progression and eliminate 
the need for surgical treatment in the future.3 For patients with severe AIS, defined by curve magnitude ≥40° and skeletal immaturity, 
surgery is the standard of care. The gold standard for surgery is spinal fusion with pedicle screw fixation, as severe AIS can progress to 
cardiopulmonary dysfunction due to mechanical dysfunction of the thoracic cavity.4,5 The two main goals of surgery are: 1) maximize 
curve correction and minimize curve progression to avoid the aforementioned health risks, and 2) ensure that functional mobility 
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and flexibility are optimized. Over the past decade alone, surgical advancements, improved radiographic techniques, and superior 
functional outcomes for patients have emerged. This review article will provide an overview of the latest evidence on non-surgical 
and surgical management of AIS.

NONSURGICAL INTERVENTIONS
Patients with curve angles of less than 10° do not meet the criteria for an AIS diagnosis. Patients with curve angles of 10-25°  
are considered to have mild AIS and will generally be monitored with serial x-rays at 3-, 6-, or 12-month intervals. Those with 
moderate AIS have curve angles of 25-40° and will also undergo serial x-rays to track the progression of their scoliosis. Besides watchful  
waiting, nonsurgical interventions for patients with mild to moderate AIS (10-40°) include scoliosis-specific exercises (SSE) and 
bracing (Table 1).

TREATMENTS ADVANTAGES DISADVANTAGES

Scoliosis Specific Exercises

Evidence for decreased Cobb 
angles, lower pain scores, improved 
self-image, and a decrease in waist 
asymmetry

Insufficient evidence to suggest that improvement is more 
significant than no treatment at all

Bracing Therapy
High success rate for preventing 
curve progression in years following 
treatment

Usually only for patients with moderate AIS; brace must 
be worn the majority of the day which leads to low 
compliance rate

Table 1: Non-Surgical Interventions for Moderate AIS

In mild to moderate AIS, specific exercises are both as an adjunct and alternative to bracing. There are many SSE regimens around 
the world, with some notable ones including the Scientific Approach to Scoliosis from Italy and the Schroth approach from Germany, 
which are scoliosis-specific intensive inpatient rehabilitation programs with certified therapists.6 The exercise prescription and regimen 
depend on the severity of curve. However, all regimens include both static and dynamic movements. Exercises recommended for all 
curve types include a “side-lying shoulder contraction” where the patient lies on their side with their waist elevated by a high-density 
foam roller. Other exercises require the patient to practice balancing on a stability ball or practice “conscious walking”, walking while 
auto-correcting spinal asymmetry.7 These SSE regimens have been assessed in randomized controlled trials with impressive results, 
including decrease in Cobb angles, lower pain scores, improved self-image, and a decrease in waist asymmetry.8 However, reviews 
have shown that there is insufficient evidence to suggest that the Schroth and the Scientific Approach to Scoliosis improve outcomes 
in AIS compared to no intervention.9 There is a need for more and varied studies investigating the effectiveness of SSEs in improving 
spinal curvature in AIS patients. 

Bracing therapy is primarily indicated for patients with moderate AIS (curve angle: 25-40°) to prevent the scoliosis from progressing 
over time. Most bracing recommendations suggest the brace should be worn at least 16 hours per day, with the treatment protocol 
lasting from 2 to 4 years or until skeletal maturity. Although these braces are widely prescribed, these devices have low compliance 
rates.10 At present, the literature remains inconclusive with respect to the efficacy of bracing for skeletally immature adolescents 
with mild AIS. Danielson et al.11 conducted a 16-year follow-up study of 92 moderate AIS patients and found no curve progression 
in patients primarily treated with a brace, but an average curve progression of 6° for the 70% of patients in the observational group 
who were not treated surgically or with a brace. On the other hand, a meta-analysis by Dolan and Weinstein12 found no significant 
difference between surgical rates after bracing compared to observation. Given the intense time requirement and discomfort of brace 
treatment, it is not surprising that noncompliance is one of the most prevalent risk factors in the progression of scoliosis. Although 
the results for bracing therapy effectiveness are mixed, a recent meta-analysis showed that adding SSE to bracing therapy improved 
patient outcomes compared to bracing alone.13 Rigorous, prospective studies of the individual and combined effectiveness of bracing 
and SSEs on curve progression and occurrence of surgical intervention are needed. 

SURGICAL INTERVENTION
Spinal fusion

Currently, the most common surgical approach for the treatment of AIS is posterior spinal fusion (PSF). PSF allows for a strong, stable 
correction of severe AIS, while providing significant improvements in all domains of the Health-Related Quality of Life (SRS-30) 
questionnaire among adolescents with all types of AIS.14 A caveat is that this procedure is not the best option for a subset of patients 
who are skeletally immature and experience progressive angular and rotational spinal deformity (also known as the crankshaft 
phenomenon) after undergoing PSF. This phenomenon occurs because the anterior elements of the spine continue to grow in patients 
with high growth potential who undergo posterior-only fusion.15 Potential adverse outcomes include impairment of pulmonary 
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function and revision surgery, which can be avoided with a combined anterior and posterior fusion approach (APSF).15 Sponseller et 
al.16 conducted a two-year follow-up on 29 skeletally immature patients who had undergone either PSF or APSF. They showed that 
although the APSF group had significantly longer hospital stay and operative time, this group had no patients go on to >10° curve 
progression as compared to 35% of patients in the PSF group. For the general AIS patient population, when it comes to deciding 
between performing either PSF or APSF, a recent meta-analysis looked at 872 patients across ten studies from 1976 to 2013 and found 
the two to be equally effective when it came to curve correction. However, the posterior-only approach also showed significantly less 
blood loss, fewer complications, shorter operative and recovery time, and a level of effectiveness that deemed an additional anterior 
surgical intervention unnecessary.17

Minimally invasive spinal surgery (MIS), which employs smaller incisions in order to minimize injury to the paraspinous muscles 
and other structures, has also shown promising results and may become an alternative to the gold standard in the coming years. This 
approach has long been effective for adult spine pathologies and deformities and has just started to make its way to the AIS population.18 
Sarwahi et al.19 showed that patients who underwent MIS achieved comparable curve correction and accurate screw placement as 
patients who underwent PSF. However, there was no difference in level of pain or hospital stay as was expected. Zhu et al.20 carried 
out a similar study soon after with AIS patients and obtained better results including decreased radiation exposure, blood loss, and 
post-operative pain. Although both studies did show a significantly longer operation time for MIS, this can be partially attributed to 
the inherent learning curve. As more surgeons are trained in MIS, and more long-term data is collected, this technique may become 
more effective at treating the technically challenging spinal deformities of AIS patients.

Anterior Vertebral Body Tethering

Anterior vertebral body tethering (VBT) is a fusionless approach to treating AIS patients by slowing down vertebral growth on the 
convex side in the hopes of equilibrating the height on both sides of the vertebral body.21 Newton et al.22 showed that asymmetric 
spinal tethering can result in growth modulation and spinal deformity in an immature bovine model, and another study23 showed that 
pre-tensioning of the tether can modulate growth while maintaining disc health, spinal motion, and stiffness. Because this technique 
relies on growth modulation, it is ideal for skeletally immature AIS patients with flexible curves. 

Samdani et al.24 was the first group to retrospectively evaluate outcomes with a large cohort (n=32) of AIS patients and found very 
promising results. At one-year follow-up, there was a 58% decrease in thoracic curve magnitude and an average 6° reduction in thoracic 
axial rotation. A two-year follow-up was conducted on eleven of these patients showing further progressive improvements in both 
measures.25 Overcorrection was a concern in a few patients who had to undergo revision surgery to loosen the tether, however, this 
was expected given the early experimental nature of this procedure. Takahashi et al.26 performed a study with 23 adolescent idiopathic 
scoliosis patients which determined the rate of kyphosis correction to be approximately 1.8° per segment per year for the first 2-3 
years following anterior VBT. 

Newton et al.27 conducted a two to four-year follow-up and obtained interesting results. Although 59% of the 17 patients studied 
were considered clinically successful because they had achieved curves measuring <35° and did not require PSF, many patients either 
underwent revision surgery for tether-related issues or experienced curve progression around 18 months post-operation. The authors 
used these findings to suggest that more data ≥ 2 years post-operation and up to skeletal maturity are necessary to better understand 
how patients respond to VBT. It is important to keep in mind that three patients included in this study had syndromic scoliosis 
(not idiopathic), and that most of these patients would not have been considered ideal candidates for VBT considering their curves 
demonstrated <50% flexibility.21 Newton et al.27 more recently demonstrated in a 14-patient study of all idiopathic scoliosis patients 
that anterior VBT can cause the periapical vertebrae and discs to grow asymmetrically leading to the desired reduction in disc height 
on the convex side. 

Vertebral Body Stapling

Vertebral Body Stapling (VBS) is another proposed fusionless technique for correction of AIS.28 This procedure is performed by placing 
staples on the anterior vertebral growth plates causing restrained growth on the convex side and natural growth on the concave side 
of the spine.4 Sunni et al.28 evaluated the efficacy of VBS in bovine calves and showed that VBS appears to reduce spinal stiffness but 
can cause physeal damage. However, Murray et al.29 evaluated 7 patients with AIS who underwent VBS for correction of their spinal 
curvature. The average rate of growth on the stapled verses unstapled side were 0.86 mm/year and 0.83 mm/year respectively. This 
similar rate of growth demonstrates that in its current form VBS cannot be used for severe scoliosis. Trupia et al.30 concluded in a 
10 AIS patient study that VBS does not appear to be more beneficial than bracing. VBS also did not affect the percentage of patients 
who eventually required surgical intervention for their worsening scoliosis. Additionally, they showed that VBS and bracing resulted 
in similar levels of spinal deformity correction. In conclusion, VBS does not currently appear to be not a viable option for surgically 
correcting AIS because it delays adequate treatment (Table 2).
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CONCLUSION 
Adolescent idiopathic scoliosis impacts many children between the age of 10 to skeletal maturity and is associated with pulmonary 
dysfunction, back pain, and negative psychosocial consequences. Treatment over the last decade has largely been posterior spinal 
fusion which requires instrumentation and considerable risk of revision surgery, increasing the risk of infection and complications. 
However, novel nonsurgical and surgical treatments have recently emerged as promising therapeutics for AIS. Scoliosis specific 
exercises appear to help with deformity and pain in patients with moderate scoliosis, whereas bracing therapy has demonstrated mixed 
results. The combination of the two has been shown to be effective. Surgical treatment appears to be moving away from traditional 
posterior spinal fusion and toward minimally invasive approaches to the procedure as well as novel vertebral body tethering due to 
its high success rate and lower risk of complications. The treatment method physicians propose to their patients should be tailored 
to the patient’s unique clinical picture and goals. Pediatric primary care providers should be aware of current research outcomes and 
treatment trends to assist in referring patients for the most evidence-based care. 
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TREATMENTS ADVANTAGES DISADVANTAGES
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The most common surgical 
technique; patients show significant 
improvements in Quality of Life 
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Tethering 
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Vertebral Body Stapling 
This technique is fusionless and 
shows evidence for reducing spinal 
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Shows similar levels of spinal deformity correction to 
bracing; may cause physeal damage

Table 2: Surgical Interventions for Severe AIS
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