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Although several procedures for treating scoliosis have been
developed, the most effective treatment is still based on early
detection. For early diagnosis of idiopathic scoliosis, many
authors have proposed methods of school screening; however,
there is still no standardized screening program. The aim of this
study was to evaluate a school screening method and the
prevalence and distribution of scoliosis in Italian school
children, aged 9–14 years, and to determine if the screening
method can reduce morbidity in an Italian territory. The
screening program consisted of three steps: the first step was a
clinical examination carried out by the school physician and two
specialists. In the second step, doubtful cases (presence of a
hump between the two sides of the torso, in the thoracic or
thoracolumbar region, measured using a hump meter) were
evaluated by an orthopedic specialist and subsequently
controlled every 6 months either clinically or by radiographic
examination. The third step was the classification of the
scoliosis and procedures for treatment. All patients were
scheduled for a follow-up program and were evaluated during
the subsequent 3 years. Statistical analyses were performed
with GraphPad Prism 6. A total of 8995 children were screened
for scoliosis. Of these, 487 showed clinical signs of scoliosis,
and 181 were referred for anteroposterior radiographs because
of a positive result on the forward-bending test (hump>5mm).
No significant statistical difference was observed by the three
clinical examiners. Of the 181 patients who were referred, 69
were radiographed, and the clinical diagnosis was confirmed in
94.2% of the cases. The prevalence of scoliosis (defined as a

curve of ≥10°) was 0.76% (65 of 8995 children), and most of
the curves (44; prevalence 67.69%) were small (<20°). The
overall ratio of boys to girls was 1 : 3.3, but varied according to
the magnitude of the curve (1 : 3 for curves of <20°, 1 : 3.25 for
curves of 20–29°, and 1 : 4 for curves of ≥30°). Double curves
were the most common type identified, followed by
thoracolumbar curves; specifically, of the 65 children who had a
curve, 21 (32.30%) had a double curve, 18 (27.6%) had a
thoracolumbar curve, 17 (26.1%) had a lumbar curve, and nine
(13.84%) had a thoracic curve. In the following 3 years, only four
patients were found to have curves more than 20° and none
more than 30°. Our results show that the school screening
program was accurate and repeatable. Moreover, screening
children for scoliosis using a simple test appears to be an
effective means of early detection. Above all, the screening
process effectively decreased morbidity in the territory at a
negligible cost. J Pediatr Orthop B 28:271–277 Copyright ©
2019 Wolters Kluwer Health, Inc. All rights reserved.
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Introduction
Scoliosis is a three-dimensional deformity of the spine char-

acterized by a lateral curvature greater than 10° in the coronal

plane [1].

Idiopathic scoliosis has no known cause and can be classified

according to the age of onset into three forms: infantile (age of

onset<3 years), juvenile (age of onset 3–10 years), and ado-

lescent form (age of onset>10 years) [2]. Adolescent idio-

pathic form is the most common and occurs in ∼2% of the

adolescent population [3].

The ratio of girls to boys with small curves is equal, but

increases to 1 : 8 for those requiring treatment [4,5].

Although several treatments have been developed, the most

effective treatment is based on early detection. For this

purpose, screening for scoliosis has been practiced widely for

many years but remains a debatable topic. Scoliosis screening

is mostly performed in schools and looks for spinal

asymmetries.

The main method of school scoliosis screening is clinical

examination in forward-bending position (Adam’s test)

and the use of a scoliometer or hump meter.

The optimal age for scoliosis screening is controversial

[6–10].

Many advantages of scoliosis screening have been reported

in the literature: reduced need for surgical treatment [11–16],

early detection [11,17–19], as well as data on prevalence,

etiology, and natural history [20–22], and the efficacy of

earlier conservative treatment.

Original article 271

1060-152X Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved. DOI: 10.1097/BPB.0000000000000611

Copyright r 2019 Wolters Kluwer Health, Inc. All rights reserved.

mailto:angelogabriele.aulisa@fastwebnet.it


In the past, the usefulness of a scoliosis screening procedure

had been questioned. Recent publications have stated that

a correct conservative treatment can reduce the incidence

and prevalence of scoliosis surgery [1,23–33], thus making

early detection of scoliosis a key point for its treatment.

Actual objections to scoliosis screening are based on the

doubtful cost-effectiveness [34,35], long-term radiographic

damage [36,37], over-referral to the specialist [38,39], low

sensitivity and specificity [40], poor correlation of clinical

deformity, and radiographic abnormality [41].

The aim of this study is to reconsider the methodology of our

screening procedures taking into account the new parameters

expressed by recent literature on this topic [7,10,42] and to

restate the capacity of a screening repeated over the years to

affect morbidity in an Italian territory [43].

Patients and methods
The results of a screening for idiopathic scoliosis in the

XIX District of Rome (190 846 citizens) were analyzed.

The screening was conducted on a population of 13 784

school children aged between 9 and 14 years (4202 boys,

4793 girls) who were students in the 4th and 5th years of

primary school and lower secondary school. The screen-

ing took place over 3 years, and all patients were exam-

ined once a year.

For our screening program, we worked in collaboration

with local school physicians previously instructed by an

orthopedist on how to interpret certain fundamental signs

correctly.

For this purpose, several meetings were held to define

the modalities of the screening and to show clinical cri-

teria to be used during the examination. In particular, the

physician had to look for the following signs: asymmetry

of pelvis, kyphosis–lordosis, asymmetry of the flanks, and

presence of hump measured with a hump meter (Fig. 1)

in a forward-bending position (Adams forward bend test).

The screening program consisted of three steps.

The first step was clinical examination by the school physician

and two specialists. In the second, the cases concerned were

evaluated by an orthopedic specialist who could prescribe

clinical control every 6 months or radiographic examination.

The last step was the classification of the scoliosis and

treatment.

For the first step, the children were examined by the

local school physician. We used 5 mm as a cutoff level for

hump measurement, because from the literature and our

experience, it seems that humps of less than 5 mm cor-

respond to negligible curves that require clinical exam-

ination only after 6 months (40–52 months).

School physicians were asked to complete a questionnaire

reporting the children’s basic personal data (first and last

names, birth date, etc.) and clinical findings identified

during examination.

In particular, the questionnaire included three pictures:

posteroanterior view in standing position, lateral view in

standing position, and posteroanterior view regarding

Adams forward bend test.

The outcome of the check-up was also reported on the

questionnaire:

(1) Negative: patients were negative for scoliosis (or other

spinal disease) at the time of the clinical examination.

(2) Advised to undergo clinical examination after 6 months:

concerned all patients showing mild signs of scoliosis

and therefore evaluated as ‘at risk’, but not advised to

undergo radiological examinations. These patients were

advised to undergo a clinical check-up after 6 months.

(3) Advised to undergo radiographic examination: patients

presenting all the signs (mentioned later) were advised to

undergo radiological examination as well as an additional

clinical examination by the orthopedist on an ambulatory

basis and accompanied by his/her parents.

During the second step, the clinician defined the scoliosis

type and prescribed the most appropriate treatment.

Fig. 1

Hump meter.
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Signs that the patient should undergo radiographic exam-

ination were as follows:

(1) Lumbar or thoracic hump larger than 5 mm.

(2) Hump smaller than 5 mm but in presence of lower

limb asymmetry of more than 10 mm combined with

a reduction of the contralateral flank.

(3) Declared spinal disease such as Scheuermann’s

disease, spondylolysis, and spondylolisthesis.

To test school physician reliability during the first step of

our screening procedure, in the first year, children were

divided into two groups: group A (5731 children) con-

sisted of patients evaluated by the school physician,

whereas group B consisted of patients directly evaluated

by an orthopedist with expertise in spinal deformities.

Statistical analysis
Students with scoliosis were classified according to

severity (< 20° and ≥ 20°). A descriptive analysis was

carried out before and after the screening in the school, or

in the private orthopedic outpatient setting to determine

the distribution at diagnosis of age and sex. Results were

expressed as frequencies and/or percentages.

The difference in screening results between groups A

(students seen by the local school physician) and B

(students seen by the orthopedist) at baseline was assessed

using the Pearson χ2-test.

A P value less than 0.05 was considered statistically sig-

nificant. Statistical analysis was performed with commer-

cially available software [GraphPad Prism version 6 for

Windows (GraphPad Software, San Diego, California USA)].

Ethical approval
This study was conducted with respect to the Helsinki

Declaration, and all the participants (parents) gave their

informed consent to allow the use of clinical data for

research purposes.

Results
At baseline, 9719 children from 32 different schools (18

elementary schools, and 14 junior high schools) were

enrolled in the screening. Of these, 8995 (92.6%) were

examined, as 22 (0.2%) refused the visit, and 702 (7.2%)

were not present at school during examination sessions.

Of the 8238 children examined (91.6%), 576 (6.4%) were

advised to undergo a further examination after 6 months,

and only 181 (2%) were advised to undergo radiological

examination (26.7% males and 73.3% females).

After the screening, 181 school children were advised to

undergo radiological examination. Of these, 48 had already

received a diagnosis of scoliosis and been treated by their

specialist; 64 patients chose to be treated by an orthopedist

they knew, and the other 69 decided to be treated in our

clinic. Of the 69 patients treated by us, scoliosis was pre-

sent in 65, comprising 15 (23%) males and 50 (77%)

females. We also found four false-positive patients (Fig. 2).

The relevance of the diagnosis of scoliosis in this screening

campaign was 2.01% (181 of 8995). If we restrict the out-

come to those patients who underwent radiography after the

first examination, the sensitivity of this screening procedure

is 94.2% (65 out of 69). Sensitivity rises to 96.58% (113 out of

117) if we also include patients already diagnosed and in

treatment (48 children).

Specificity of the screening was 97.8%. Specificity is the

most important characteristic of a screening test when

diffusion of the disease is low; however, a reduction of

sensitivity is possible.

The median age of scoliosis diagnosis differed among the

three situations (Fig. 3): it is lower at the end of the

screening (11 years) than at baseline (13 years), or in the

ambulatory patients (12 years).

The prevalence of scoliosis, defined as a curve of 10° or more,

was 0.76%, and most of the curves were small (Table 1 and

Fig. 4).

The overall ratio of boys to girls was 1 : 3.3 but varied

according to the magnitude of the curve (1 : 3 for curves

Fig. 2

Flow diagram of the two different school-based scoliosis screening
programs.
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of less than 20°, 1 : 3.25 for curves of 20°–29°, and 1 : 4 for

curves of ≥ 30°). Double curves were the most common

type identified, followed by thoracolumbar curves; spe-

cifically, of the 65 children who had a curve, 21 (32.30%)

had a double curve, 18 (27.6%) had a thoracolumbar

curve, 17 (26.1%) had a lumbar curve, and nine (13.84%)

had a thoracic curve (Table 2).

Furthermore, the scoliosis severity at diagnosis was lower

at the end of the screening than at baseline. However,

children screened at school (both at baseline and at the

end of the screening) show a lower severity than patients

screened in a private orthopedic outpatient facility

(Table 1 and Fig. 4).

In particular, in the following 3 years, we performed 52

radiographs, and 50 of them showed a scoliosis, but we

found only four patients with curve greater than 20° and
none with a curve greater than 30°. Regarding the type of
curve, there were no double curves, and only one was

thoracic.

School physicians declared 94% of the examined pupils

as ‘negative’, orthopedists declared 86% as ‘negative’; the

difference is statistically significant (P=0.001), also con-

sidering the large volume of our sample.

Discussion
In our screening campaign, the percentage of scoliosis

diagnosis was 2.01% and was in line with the results

reported in the literature.

Our screening program has some strong points, for

instance, the chronological age being extended to the last

two classes of primary school, the hump measurement

that is an accurate sign, and a questionnaire that is easy to

read and quickly completed.

Sensitivity and specificity of a two-step school scoliosis

screening program proved to be optimal, and the results

underline the several advantages that this procedure offers.

In particular the ‘two-step’ procedure remarkably reduces the

number of specialized medical examinations. Moreover, the

‘two-step’ procedure is easy to perform and reliable regarding

diagnosis, but only if the school physicians performing the

first screening are sufficiently expert enough.

There is no consensus concerning the optimal age for the

screening. The American Academy of Orthopaedic Surgeons

recommends that, for girls, the best time to screen is between

11 and 13 years of age. Boys need one control at 13 or 14 years

Fig. 3

Age distribution (%) of the scoliosis diagnosis at baseline (t0 – black
bar), at the end of the screening (t3 – light grey), and in an ambulatory
setting (dark grey bar).

Table 1 Severity of the scoliosis for male and female children at
baseline (t0), at the end of the screening (t3), and in an ambulatory
setting

Severity
(Cobb’s degree)

<20°
[n (%)]

20°–30°
[n (%)]

>30°
[n (%)]

Total
[n (%)]

t0
Female 33 (50.8) 13 (20.0) 4 (6.2) 50 (76.9)
Male 11 (16.9) 4 (6.2) 0 (0.0) 15 (23.1)
Total 44 (67.7) 17 (26.2) 4 (6.2) 65 (100.0)

t3
Female 28 (56.0) 3 (6.0) 0 (0.0) 31 (62.0)
Male 18 (36.0) 1 (2.0) 0 (0.0) 19 (38.0)
Total 46 (92.0) 4 (8.0) 0 (0.0) 50 (100.0)

Ambulatory setting
Female 1 (1.0) 68 (64.8) 31 (29.5) 100 (95.2)
Male 0 (0.0) 4 (3.8) 1 (1.0) 5 (4.8)
Total 1 (1.0) 72 (68.6) 32 (30.5) 105 (100.0)

Fig. 4

Difference in the severity of the scoliosis between a school (at baseline
and at the end of the screening) and a private orthopedic outpatient
setting.

Table 2 Distribution of scoliosis according to sex, type, and severity

Female Male

<20° 20°–30° >30° <20° 20°–30° >30° Total

Double curve 11 5 4 – 3 – 23
Thoracic 6 1 – 2 – – 9
Thoracolumbar 7 4 – 5 1 – 17
Lumbar 9 3 – 4 – – 16
Total 33 13 4 11 4 – 65
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of age. The American Academy of Paediatrics, however,

advises a series of periodic examinations every 2 years from 10

to 16 years of age [26].

The Scoliosis Research Society suggests annual screen-

ing for all children between 10 and 14 years of age.

Labelle et al. [7] states that girls should be screened two

times at the age of 10 and 12 years instead of boys

screened one time at 13 or 14 years of age.

Beauséjour et al. [10], contemplating while acknowl-

edging that curve progression is relevant between 11 and

14 years of age, also examined students of 9–11 years of

age to detect early stages of scoliosis.

Our study detected scoliosis in 44 pupils in the 9- to

11-year age group. For 14 of them, the scoliosis was at

baseline and for the other 30 students was at t3. The

latter group, considering their age, are those that are at

higher risk of progression. Therefore, the advantage of

extending screening procedures to the elementary school

population is confirmed.

Regarding the hump, the American Academy of Paediatrics

recommends screening for scoliosis via evaluation of the

hump during Adams forward bend test. The Bunnel scoli-

ometer and hump meter are the tools commonly used for

this purpose. However, several studies are doubtful about

the correlation between the clinical deformity (hump) and

the curve severity evaluated by radiography [6–10,12,13].

Although a significant correlation between clinical signs and

radiological measurement exists, the variability could be so

high that a prevision of the entity of the curve obtained via

clinical sign recollection only is not possible [41,44–51].

A longitudinal study has shown a significant correlation

between hump dimensions and curve severity detected

at both the beginning and the end of treatment. Similar

results were obtained in subgroup analyses, except that

no significant correlation was found at baseline between

the hump dimension and curve severity in patients with

lumbar curves [52].

The threshold to be used for detecting scoliosis requiring

radiological examination is still under debate. According

to Bunnel and Grivas, it is clearly impossible, using the

scoliometer, to predict the scoliosis type accurately, par-

ticularly for younger children [41,46,53]. Labelle et al. [7]
consider the scoliometer to be the best tool in terms of

reliability and validity to evaluate trunk asymmetries.

They recommend a threshold between 5° and 7° (B°)
when using the scoliometer. According to Society on

Scoliosis Orthopaedic and Rehabilitation Treatment, the

threshold considered optimal for the majority of the

physicians is 7° (B°). Furthermore, an angle of trunk

rotation of 7° or more in right thoracic scoliosis, and an

angle of trunk rotation of 6° or more in left thoracolumbar

and lumbar scoliosis is considered a reliable criterion for

identifying patients affected by a scoliosis of 25° (or

more) Cobb’s degree [38].

Conversely, the studies conducted with the hump meter

have shown that a hump greater than 5 mm is significant

for the diagnosis of scoliosis [43,50].

In this study, we have used a threshold of 5 mm with the

hump meter. We consider this an effective threshold for

identifying clinical deformity with low rate of false posi-

tives. In fact, in our study, we found only four false

positives. To achieve a relevant validity of the screening,

appropriate instruction of school physicians and a simple

examination schedule are fundamental. This can reduce

over-referral, false positives, and interobserver variability.

The positive effects of a screening program should be

evaluated in subsequent years considering the number of

patients with the disease and the severity of the disease.

According to Beauséjour et al. [10], a screening program is

effective as it allows to detect younger patients and those

with mild signs of scoliosis at the time of diagnosis,

unlike other means of scoliosis diagnosis. Labelle et al. [7]
observed that, even though the available literature

showed studies without a control group, there is evidence

of the ability of a screening campaign to detect patients

with adolescent idiopathic scoliosis with subclinical con-

ditions and to refer them for further control. Moreover, a

screening correctly performed allows to identify younger

cases and also those with a small Cobb’s angle [7].

Beauséjour et al. [10] reports that it is feasible to compare

the results of the screening with a control group that were

not screened, to evaluate the effectiveness of the screening

itself.

As control group, we have considered 105 patients who

attended our clinic during the screening period. Patients of the

control group were older and with a greater Cobb’s angle than

patients diagnosed by the screening program at baseline.

In subsequent years of screening, the number of cases of

scoliosis diagnosed has diminished. Patients have been

found to be younger and affected by a less severe disease

than those diagnosed in the first year of screening.

Therefore, screening has been effective in the early

identification of the disease, in patients without a diag-

nosis of scoliosis, and in those where the curve would

have progressed over time.

The other strong point is the economic aspect. Financial

costs of a screening can be direct and indirect. Direct costs

are related to the carrying out of the screening, and indirect

costs are related to the cure of the pathology screened.

For Beauséjour and colleagues, the financial cost should

be given the same importance as the efficiency out-

comes, that is, a general reduction of costs together with a

general reduction of the pathology. Surgical treatment is

much more expensive than conservative treatment, and

early diagnosis could permit a considerable reduction of

expense for the community.
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Furthermore, earlier diagnosis and treatment permits to

reduce the complications of a disease, the related cost of

treatment, and the price for the community in terms of

disability. In conclusion, the lower rate of surgery and

back pain treatment (usually in adults with untreated

adolescent idiopathic scoliosis) will save the government

more than the ‘price’ of a screening process [10].

The cost of scoliosis screening should be calculated only

on the first examination by a physician, the specialists’

examination, and the radiological examination and not on

the subsequent classification and treatment.

The more effective the screening programme is, the

lower the indirect costs are [40]. Regarding costs, we

agree with Bunnell and Grivas when they affirm that we

should not look for the least expensive modality for

screening, but for the one that, at equal cost, is the most

effective in improving the quality of life of our patients.

Grivas et al. [38] showed that the indirect cost of a

screening procedure can be minimal if it is well designed

and carried out on a voluntary basis.

A ‘two-step’ screening procedure conducted at proper inter-

vals can lower the costs for the National Health System (initial

costs of production) as well as for local communities.

Tominimize costs, for the first visit, we used school physicians

or other health workers who had received prior instruction

from an orthopedist. Sensitivity and specificity of the two-step

screening were satisfactory. Specialists only evaluated sus-

pected cases, and radiographic examinations were performed

only when considered necessary. In cases of mild deformity

(hump <5mm), we preferred to re-evaluate patients after

6 months without performing radiographs to reduce costs and

radiographic exposure.

The weak points are lack of health education, lack of

information, and availability of basic operators.

Conclusion
This study demonstrates that the methodology used in

our screening program has the requisite qualities

advanced by recent scientific literature on the topic, is

cost effective, is financially sustainable, and is able to

reduce the morbidity of scoliosis in the territory.
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