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The impact of residual growth on deformity progression
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Abstract: Idiopathic scoliosis is a disease of the growing spine. Risk of progression and aggravation of 
disease are mainly dictated by the remaining growth and curve magnitude. Remaining growth can be 
estimated by repeated biometric measurements, tanner sign and bone age estimation. Puberty is the turning 
point in the natural history of this disease. The first two years following puberty are the turning point in the 
natural history of this disease since 90% of growth occurs during this period. Lateral olecranon radiograph 
is effective for estimating bone age during this phase. Growth acceleration is followed by a deceleration 
phase of three years where menarche occurs. Bone age during this phase is evaluated by hand X-rays and the 
Risser sign. Progression risk assessment of idiopathic scoliosis showed that a 30° curve at the beginning of 
puberty together with 20° to 30° curves with more than 10° of annual curve progression has a 100% risk of 
progression towards the 45° surgical threshold. In these patients, anticipation may be the key for effective 
treatment strategy. Treating these curves earlier than the surgical threshold before increased stiffness would 
lead to a better outcome.
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Introduction 

Idiopathic scoliosis is a disorder of the growing spine (1). 
This disease has a heterogeneous natural history with some 
patients presenting with rapidly progressive curves and 
others progressing indolently (2). The main risk factor for 
curve progression is the remaining growth (3). Other risk 
factors include sex, initial curve severity, and location of the 
deformity (3). Remaining growth and maturity are major 
parameters that should be taken into account when assessing 
a patient presenting with scoliosis (4-6). However, growth 
is not a monotonous process, it has periods of acceleration 
and deceleration; with puberty being the major turning 
point (7). Progression of idiopathic scoliosis correlates 
therefore with skeletal growth, peaking during growth spurt 

and slowing at skeletal maturity (8). Maturity indicators 
include chronological age, biometric variables, menarche, 
secondary sexual characteristics development and bone 
age (9). A spine surgeon should know how to measure and 
analyze these parameters in order to offer his patient the best 
available treatment, at the right time (1). Of note, surgery is 
recommended in adolescents with a curve magnitude of more 
than 45 to 50 degrees (10), and in patients with clinically 
significant deformities or deformities that are more likely to 
progress (10). Knowing the risk factors for curve progression 
may aid physicians anticipate the evolution of their patients’ 
curves (11). This will help them establish a solid treatment 
strategy and would sometimes lead to an early spinal fusion 
to avoid a guaranteed curve progression and insure a better 
correction (11). 
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Puberty, the landmark of growth 

Puberty is the transitional period from childhood through 
the secondary sexual characteristics development to the 
achievement of final height (12). During this period, 
pubertal growth spurt causes an increase in spinal deformity 
(11,13-17). Predicting timing and magnitude of growth 
spurt is of paramount importance to predict scoliosis curve 
progression, and therefore to propose timely treatment (13). 
Puberty starts insidiously and therefore, children should 
be closely followed up during this period (1). Puberty is a 
bi-phased process. The first phase, the acceleration phase, 
starts at bone age of 11 in girls and 13 in boys (4). Its 
first stigmata is the increase in growth velocity (standing 
height) to greater than 0.5 cm per month, or greater than 
6 and 7 cm/year in girls and boys respectively (8,18). The 
appearance of secondary sexual characteristics with the 
first appearance of pubic hair, the swelling of the testicles 
and the budding of the nipples (tanner stage 2) are another 
stigmata signing the beginning of puberty (19,20). This 
phase characterized by rapid growth lasts for 2 years and 
is followed by a steady decrease in growth rate (4). This 
deceleration phase lasts 3 more years (1). Menarche occurs 
during the deceleration phase (4). The lower limbs stop 
growing after menarche, and no growth at all is noted  
2 years following menarche (4). Once the kickoff of 
puberty is documented, the children should be examined at  
6 months regular intervals where measurements should be 
repeated, noted and analyzed. Each visit should include 

a thorough interrogatory with a detailed physical exam: 
Biometric measurements for growth monitoring, assessment 
of secondary sexual characteristics, bone age evaluation for 
estimation of remaining growth. All these are necessary 
steps to assess curve progression and the patient’s scoliotic 
risk (Table 1). 

Biometric measurements: twice annually to 
monitor growth.

Different body dimensions have their own typical growth 
pattern but all follow the distal to proximal growth maturity 
gradient: body parts that are more distal will have their 
pubertal growth spurt earlier, following the same sequence 
in all children (6,21-23). Foot length is the body dimension 
with the earliest pubertal growth spurt (13). This is 
important on the first visit as patients’ parents may easily 
recall the change of the shoe size of their child (24).

However,  the  four  most  important  b iometr ic 
measurements for growth monitoring are:

Standing height: this marker constitutes the sum of two 
sub-markers: sitting height and sub-ischial height. Both 
regions grow at different velocities. Therefore, standing 
height cannot easily account for the loss of trunk height in 
children with severe spinal deformity (1,4). Standing height 
is preferably measured in centimeters with the patient 
standing on a stadiometer with shoes and socks off. The 
children are encouraged to stretch out to the maximum 
height with the application of a gentle upward pressure 

Table 1 A checklist with 11 questions a spine surgeon should ask to have a complete assessment of the growth status of a patient presenting with 
idiopathic scoliosis

Questions that the spine surgeon should ask while assessing a children with idiopathic scoliosis

How tall is the child?

What is the child’s sitting height?

How long is the subischial leg length?

How much has the child grown in a single year?

What is the child’s chronologic age?

What is the bone age?

How much growth does the child have left in the trunk and in the lower limbs?

Exactly what point has the child reached on his or her developmental peak?

Where is the child in relation to puberty and the pubertal peak?

What about the Tanner signs?

How much does the child weigh?
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under the mastoid processes, with the examiner watching to 
confirm that the heels were not off the ground (5).

Sitting height: correlates strictly with trunk height. This 
is measured in centimeters, using a rigid wooden stool 
sufficiently high that the feet of the child could not reach 
the floor (5). When spinal deformity is diagnosed, a loss of 
sitting height is correlated to the severity of this deformity. 
A gain in sitting height of 12 to 13 cm occurs in puberty 
(4,21).

Arm span: being relatively constantly correlated to 
standing height, (arm span =97% of standing height 
throughout puberty and into adulthood) this measurement 
is helpful in estimating standing height in non-ambulatory 
children. This is measured in cm from the ends of the 
middle finger in one hand to the other with arms maximally 
outstretched (5). The rule is that arm span divided by 2 
gives an idea of sitting height, and divided by 4 gives an idea 
of T1–S1 segment (1,25).

Weight: during pubertal spurt, weight usually doubles. 
The gain is estimated to be 5 kg by year of puberty. Weight 
has to be at least 40 kg for the pubertal spurt to be normal 
(4,25).

These measures should be performed at six months 
interval, with one measurement preferably performed near 
the child’s birthday, during the same period of the day (13). 
The maximum growth rate is called peak height velocity 
(PHV), and the corresponding age called the peak growth 
age (PGA) (6). Girls have PHV of 8 cm/year ±1 cm and 
boys have a PHV of 9 cm/year ±1.5 cm (6,26).

Bone age, a radiographic tool to estimate 
remaining bone growth

Bone age is different from chronological age in around half 
of children. Accurate determination of bone age is a must as 
this will help estimate remaining bone growth and therefore 
curve progression in children with adolescent idiopathic 
scoliosis (4,11,27). 

Accelerating phase of growth starts at bone age 11 
in girls and 13 in boys (1). One of its first signs clearly 
visible on anteroposterior radiographs of the hand is 
the ossification of the sesamoid bone of the thumb (1). 
Ossification of the triradiate cartilage occurs at 12 and  
14 years of bone age in girls and in boys, respectively (21). 
This corresponds to the mid-point of the acceleration 
phase (21). The acceleration phase ends at the ages of 13 
and 15 in girls and boys respectively (1). This relates with 
the elbow physis closure (28). 

Any skeletal region with consistent physeal markers can 
be used to determine skeletal age (13). The most commonly 
used markers of bone age in patients with adolescent 
idiopathic scoliosis are the hand, the wrist, the elbow and 
the iliac apophysis (13).

The Risser sign, evaluating the stage of ossification of 
the iliac apophysis, is the most commonly used method 
to determine skeletal maturity in patients with adolescent 
idiopathic scoliosis (5). It was originally described in 
1958 (29). However, Risser sign was shown to be poorly 
correlated to the acceleration phase of growth in puberty (5).  
Two-thirds of puberty, i.e., most of the growth and 
subsequently any curve progression, occur before Risser 
stage 1 as iliac apophysis begins to show ossification around 
18 to 24 months following the beginning of puberty 
(5,30,31). 

The Greulich and Pyle index is also widely used for 
determination of bone age and maturity (32). It is limited 
by being widely spaced in time during the critical period of 
growth spurt (5). Furthermore, hand and wrist X-rays are 
difficult to assess in the acceleration phase of puberty (1).

The Tanner-whitehouse III RUS score based on 
hand and wrist x-rays was shown to strongly predict the 
acceleration phase of growth (5). The Sanders method 
for assessment of bone age introduced in 2008 is derived 
from the Tanner-whitehouse III RUS score (30). It is based 
on radiographic analysis of fingers and metacarpals (30). 
Eight stages are identified. Stages 1 and 2 correspond to 
prepubertal period, stages 3 and 4 correspond to the growth 
acceleration phase (Risser grade 0), and stages 5 to 8 cover 
Risser stages 1 to 5 until full skeletal maturity (30,33). This 
method was shown to be reliable and to correlate more 
strongly with idiopathic scoliosis curve behavior than Risser 
sign and Greulish and Pyle atlas (1).

In 1962, Sauvegrain et al. developed a method to 
assess skeletal maturity using anteroposterior and lateral 
radiographs of the left elbow (28). Elbow radiographs 
provide useful information from bone age 10 to 13 years 
and 12 to 15 years in girls and boys respectively (28,34). 
This method was simplified by Dimeglio et al. in 2005 who 
showed that the morphology of the olecranon apophysis 
on lateral elbow radiographs goes through five distinct 
appearances at 6 months intervals (Figure 1) (4,34,35). This 
is clinically significant because it happens between 11 and 
12.5 years of bone age in girls and 13 and 15.5 years of bone 
age in boys, when the Risser sign is still at stage 0 (1). 

Both Dimeglio and Sanders methods were shown 
to have a modest learning curve and an ease of clinical 
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application. Both methods, when compared, were 
equally reliable with a correlation that was equally 
strong for boys and girls (35). Therefore, lateral elbow 
radiograph is effective when assessing skeletal maturity 
during the pubertal growth spurt. A hand radiograph 
is preferable prior to puberty and from Risser grade 1 
to 5. A combination of both methods adequately covers 
the gap between elbow fusion and Risser grade 1, as one 
complements the other (35).

The art of anticipation; how to assess the 
scoliotic risk

The onset of the pubertal growth spurt is one main 
predictor for scoliotic curve progression in patients with 
adolescent idiopathic scoliosis (1,3,4,8,36). Repetitive 
biometric measurements, attentive secondary sexual 
characteristics evaluation and radiographic bone skeletal 
maturity assessment estimate the remaining growth, and 
therefore help the spine surgeon predict the main scoliotic 
curve evolution (1,3,4,36). Risk of progression is high 
during acceleration phase, and then decreases progressively 
from Risser stages 1 to 5 (1). 

Another main predictor of progression is the curve 
magnitude (7,9,11,37,38). The more severe the main curve 
is at the beginning of the growth spurt, the more important 
is the predicted progression (7,9,11,37,38). Mainly, a 
scoliotic patient with a main curve cobb angle greater 
than 25 to 30 degrees is at significant risk of progression 
(7,9,11,37,38). 

Other predictors shown to influence curve progression 
in idiopathic scoliosis patients are sex and curve location, 
with thoracic curves being at higher risk of progression than 
lumbar curves (11).

Knowing that the surgical treatment threshold is set at 45 
to 50 degrees, an accurate prediction of curve’s progression 
becomes important. Taking the two major risk factors for 
curve progression into consideration (curve magnitude and 
remaining growth) lead to the following estimation: during 
the acceleration phase of puberty a 5° curve is associated 
with a 10% risk of progression for surgery, a 10° curve 
with a 20% risk of progression, a 20° curve with a 30% risk 
of progression, and a 30° curve raises the risk to virtually 
100% (4,11,31,36,38). During the deceleration phase, the 
risk of progression is lower. At Risser stage I there is a 10%  
risk of progression for a 20° curve and a 60% risk for a 30° 
curve; at Risser sign stage II there is a 2% risk for a 20° 
curve and 30% risk for a 30° curve; at Risser stage III there 
is a 12% risk of progression for a curve of ≥20°; at Risser 
sign IV the risk of progression is markedly decreased; at 
Risser sign V skeletal maturity has been reached (1,4).

Charles et al. showed that in patients with main thoracic 
scoliotic curves exceeding 30° at the beginning of puberty, 
the risk of progression to the surgical threshold is nearly 
100%. In patients with curves ranging from 21° to 30°, 
the risk of progression to surgery fluctuates from 30% to 
75%. Patients in this section need to be closely monitored, 
especially in the ascending accelerating phase of puberty, 
and their annual curve progression velocity should be 
calculated. An increase of less than 6° per year is reassuring. 
An increase of 6° to 10° per year is associated to 70% of 
evolution to surgery. An increase of more than 10° per 
year or more than 1° per month represents a 100% risk of 
evolution towards surgery (1,4,11,38). 

These observations led to the concept of anticipation 
based on individual scoliotic risk (1,4,11,38). Waiting for 
the patient with idiopathic scoliosis to reach and exceed 
the surgical threshold may lead to stiff and severe curves 

Girls 13
Boys 15

Girls 12.5
Boys 14.5

Girls 12
Boys 14

Girls 11.5
Boys 13.5

Girls 11
Boys 13

Figure 1 Figure showing the simplified Dimeglio’s method of skeletal age assessment. (A) Two ossification nuclei (11 years in girls and  
13 years in boys), (B) half-moon image (11.5 years in girls and 13.5 years in boys), (C) rectangular aspect (12 years in girls and 14 years in 
boys), (D) beginning fusion (12.5 years in girls and 14.5 years in boys), (E) complete fusion (13 years in girls and 15 years in boys).
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(1,4,11,38). These curves would be difficult to correct, 
leading to only partial reduction (1,4,11,38). An earlier 
intervention at earlier stages based on the anticipation of 
reaching the surgical threshold in the months to come, 
could be more advantageous, allowing an easier curve 
reduction (1,4,11,38). This is still a theoretical conclusion 
based on retrospective studies as no higher level studies have 
been performed on this subject (11,38). Operating patients 
in their growth spurt is associated with the risks of the 
crankshaft phenomenon and the deficit of trunk growth (4).  
Crankshaft phenomenon can be avoided by waiting for 
the closure of the triradiate cartilage that usually happens 
in the year that follows the beginning of puberty (39,40), 
and by a complete curve correction with a reduction of the 
cobb angle to 0° (4). The deficit on the trunk growth that 
occurs with early fusion will be balanced by the correction 
of the deformity as the remaining growth on the thoracic 
spine is 3.6 and 3.9 cm in girls and boys respectively and the 
remaining growth on the lumbar spine in 2.1 and 2.3 cm in 
girls and boys respectively (4). 

Conclusions

Idiopathic scoliosis is a dynamic disease of the growing 
spine strongly correlated to the remaining growth potential. 
An accurate production of the curve progression, when 
possible, is paramount and would modify the treatment 
strategy. Besides the curve magnitude, remaining growth 
is essential for analyzing possible curve progression. 
Radiographic assessment of bone age (skeletal maturity), 
evaluation of secondary sexual characteristics, and regular 
biannual biometric measures help accurately estimate 
remaining bone growth. Acceleration phase of puberty 
starts at 11 and 13 years of bone age in girls and boys 
respectively. It lasts for 2 years during which the majority 
of growth, and 90% of curve progression, occur. In this 
phase, lateral elbow radiograph is the best way to assess 
bone age. This phase is followed by the descending phase 
lasting 3 years in which Risser sign and hand X-rays are 
preferable for bone age assessment. Curves of more than 
30° at the beginning of the growth spurt and those between 
20° and 30° with more than 10° of annual curve progression 
are at nearly 100% risk of progression to surgery. In these 
patients, anticipation is the key for an effective treatment 
strategy, where aggressive scoliosis should be treated before 
it is too late to get the best outcome. 
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