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Abstract: Background/Objectives: Scoliosis screening aims to detect spinal deformities
early and prevent progression. The Programa de Atencién a la Salud de Nifios y Adoles-
centes (PANA) in Spain includes primary care screenings at ages 5-6, 10-11, and 13-14, but
its effectiveness remains unverified. First, we evaluated attendance rates in each phase.
Second, a nine-year follow-up was used to determine outcomes in adolescents who com-
pleted all three phases of PANA. Methods: A retrospective—prospective cohort study was
conducted. The retrospective phase analyzed records of 881 schoolchildren screened at a
primary healthcare center in Lorca, Spain. The prospective phase re-evaluated 127 adoles-
cents (94.1% of those who completed all three phases) after nine years using a standardized
forward bending test (FBT) with scoliometer quantification. Results: Attendance declined
from 73.2%, at age 5-6, to 20.5%, at age 13-14. Only 15.3% completed all three phases.
At age 13-14, 11.1% had a positive FBT by visual assessment. Non-quantified FBT had
low sensitivity (5.9%) but high specificity (96.7%). Nine years later, mean scoliometer-
measured vertebral rotation was 3.6 & 1.7° (thoracic) and 2.5 + 1.4° (lumbar). Scoliosis
suspicion (FBT > 5°) was 15.1%, but applying the FBT > 7° threshold it was reduced to
4%. Conclusions: The PANA program has limited effectiveness due to low attendance
and lack of scoliometer use. Visual FBT without quantification increases false positives,
reducing diagnostic accuracy. It is recommended that preventive assessments be conducted
in schools by primary care physicians. Training in the use of the scoliometer is essential to
improve scoliosis detection.

Keywords: scoliosis screening; PANA program; scoliometer; adolescent health; primary care

1. Introduction

Scoliosis is defined as a “three-dimensional deformity of the spine and trunk” [1].
A commonly used diagnostic criterion is a Cobb angle of 10° or more. Adolescent Idiopathic
Scoliosis (AIS) occurs in the general population in a wide range from 0.47% to 5% [2,3].

The relevance of scoliosis screening programs has been widely debated [4-7], because
scoliosis typically occurs without pain during growth; it can typically only be identified
through early detection. This approach allows for the diagnosis of curves with lower
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angular values and helps reduce the number of severe curves identified later, which are
more likely to progress [8,9]. For these reasons, several studies positively recommend
scoliosis screening programs for their potential benefits in early detection and non-invasive
management [10].

Effective detection and timely treatment of scoliosis at disease onset can not only
improve AIS patient outcomes but also reduce healthcare costs by avoiding costly surgical
interventions, the benefits of which remain controversial [11,12]. Early intervention with
bracing has been proven effective in preventing progression to the surgical threshold [13],
and rehabilitation has demonstrated efficacy in limiting AIS progression [14].

Although it is universally accepted that the best treatment for scoliosis is achieved
when applied in its early stages and that scoliosis often goes undetected unless actively
sought, despite this, no consensus has been reached regarding scoliosis screening among
various prestigious institutions, such as the Scoliosis Research Society (SRS), the Pediatric
Orthopedic Society of North America (POSNA), the American Academy of Pediatrics
(AAP), and the American Academy of Orthopedic Surgeons (AAQOS) [15]. Screening
programs are not recommended by the United States Preventive Services Task Force (USP-
STF) [16], the United Kingdom National Health Service (NHS) [17], or the Canadian Task
Force on Preventive Health Care (CTFPHC) [18]. The Institute for Clinical Systems Im-
provement (ICSI) [19] does not provide a clear stance, leaving the decision up to individual
responsible authorities.

Among the measurement tools to screen for scoliosis, the scoliometer stands out as a
reliable measurement tool [10,20,21] that enhances clinical suspicion precision for scoliosis
by quantifying rib prominence in the FBT [22]. Without quantification, FBT may resultin a
high percentage of false positives (35.5%) [23], underscoring the need for a scoliometer to
reduce these high false positive rates.

In Spain, scoliosis screening programs were implemented in schools, following Lon-
stein’s recommendations. Studies in Murcia assessing all the scholars in the municipality
of Murcia indicated a scoliosis prevalence of 1.18% [24], similar to that found by Lonstein
in Minnesota, USA (1.2%) [25].

Subsequently, Spanish pediatricians in primary health or general practitioner (GP)
surgeons assumed responsibility for spinal assessments under the “Programa de Aten-
cién al Nifio” (PAN) in Murcia, which includes other aspects of health, such as the vac-
cination schedule, oral health, BMI, etc. (Supplementary Material Table S1), later ex-
tended to the “Programa de Atencién al Nifio y Adolescente” (PANA) [26,27] implemented
in most regions in Spain, including Murcia, Madrid, Castilla-La Mancha, Navarra, Ex-
tremadura, Catalufia, Andalucia, and La Rioja. Regarding spinal deformity, this program
screens for scoliosis at ages 5, 11, and 14, determining the presence of a “scoliotic morpho-
type” by assessing posterior trunk alignment and detecting rib prominence during trunk
flexion [24,27] in the forward bending test (FBT) [22,28].

The effectiveness of Spain’s scoliosis prevention program (PAN and PANA) remains
unexplored, as no studies have been identified that evaluate whether the program has
achieved its intended objectives.

This study aims to evaluate the implementation and coverage of the scoliosis screening
program within the PANA preventive protocol by analyzing the proportion of children
and adolescents assessed across its three phases in a primary care center in Lorca, Spain,
during three consecutive years. The secondary objective is to assess the clinical validity
(sensitivity and specificity) and safety (positive and negative predictive values) of the
screening program.
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2. Materials and Methods
2.1. Study Design

This study utilized a retrospective-prospective design to evaluate the implementation
and effectiveness of the PANA scoliosis screening program in primary health care settings.
The retrospective phase analyzed clinical records of schoolchildren screened through the
program, while the prospective phase involved follow-up assessments nine years later.

2.1.1. Retrospective Study

We conducted a retrospective analysis of medical records from schoolchildren who
participated in the PANA program (Programa de Atencién a la Salud de Nifios y Adoles-
centes) at the San Diego Health Center in Lorca, Murcia, Spain. Screening assessments
were carried out over three consecutive years by the five pediatricians assigned to this
health center.

Data Collection:

- Attendance records for each of the three mandatory screening phases (ages 5-6, 10-11,
and 13-14 years) were reviewed to determine adherence to the program.

- Clinical records were examined to identify findings related to spinal alignment and
scoliosis suspicion at each screening phase.

Screening Protocol

- The scoliosis screening protocol consisted of a visual back inspection performed
without clothing.

- Pediatricians classified children as having a “normal” or “scoliotic morphotype”
based on a visual assessment in the standing position, focusing on the presence of
asymmetries and/or uneven levels in the back (Figure 1)

Figure 1. A 14-year-old adolescent with a scoliotic morphotype presenting with right scapular
elevation, waist asymmetry, and protrusion of the right scapula and left thoracco lumbar region.

- All participants underwent the forward bending test (FBT) to assess for rib promi-
nence (Figure 2). Community pediatricians documented findings as either “normal”
or “Adams positive” when asymmetrical rib prominence was detected, suggesting
possible scoliosis [24]. However, quantitative measurement was not performed during
the initial PANA screenings.
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Figure 2. The same 14-years-old adolescent with a positive Forward Benting Test, showing a right
thoracic rib prominence.

- Children with suspected scoliosis were referred to orthopedic specialists for further
evaluation.

- Itis important to note that no quantitative measurement of spinal rotation was per-
formed during these screenings, as a scoliometer was not provided as standard equip-
ment by the Servicio Murciano de Salud.

Study Population and Participants

- The initial target population consisted of 881 schoolchildren (both male and female)
who were scheduled to participate in all three phases of the PANA health screening
program during three years. Figure 3 illustrates the sample distribution and dropout
rates across the study timeline.

—
§ | Retrospective Study
®
o
: 4
s
s
= Scholars Registered in General Practitioner Practice
(n=881)
l l
Assessed at 5 to 6 years Assessed at 13 to 14
old (1st stage) Assessedat 10 to 11 years (3rd stage)
= years old (2nd stage) il
2 (n=645) (n=512) (n=181)
9 = 9
3 73.2% 58.1% 20.5%
Q
5 v : ! /
Children completing the 3
assessments (n=135)

- (15.3%)

|

Prospective Study

!

Young adults with full PANA records who attended 9 years after
(n=127, out of 135)
94.1%

Flowchart showing the number of schoolchildren who attended all phases of the school
screening program (PANA) and their percentage relative to the total school population
registered at the San Diego Health Center.

Figure 3. Sample flowchart.
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Informed Consent: For the retrospective study, informed consent was granted by the
Health Area Manager on behalf of the institution.

Inclusion Criteria: Registered patients at San Diego Health Center in Lorca. Children
who were aged 5-6 years at the time of their first scheduled health screening.

Exclusion Criteria: History of spine surgery, history of lower limb surgery that could

restrict spinal mobility. Non-attendance across any of the three PANA stages

2.1.2. Prospective Study

Nine years after the completion of the last PANA screening phase, a follow-up prospec-
tive assessment was conducted.

Participant Recruitment: Adolescents who had completed all three phases of the PANA
program (n = 135) were invited via recruitment letters and phone calls to participate in a
follow-up spinal assessment.

Clinical Assessment

- Asingle trained physician conducted the follow-up evaluations to ensure consistency
in examination techniques.

- Assessments included a standing posture evaluation and a forward bending test (FBT)
with a scoliometer.

- Standing Assessment: Subjects were positioned in neutral posture following stan-
dardized protocols [22]. The examiner evaluated for characteristics associated with
scoliotic morphotype, including shoulder and scapula height asymmetry, flank and
waist triangle symmetry, and rib prominence [22,24].

- Forward bending test with Scoliometer Measurement: During the prospective phase,
rib prominences were quantified using a Scoliometer Osi 1995 (Baseline® Scoliometer.
Fabrication Enterprises Inc., White Plains, NY, USA) [29] while subjects performed
the FBT (Figure 4). In accordance with established clinical guidelines, scoliosis was
suspected when vertebral rotation exceeded five degrees [5,8,22].

Figure 4. FBT quantifiied with scolimeter, with left rib prominence of 6°.

- The scoliometer used was the Osi 1995 model to quantify vertebral rotation during FBT.
Examiner Training and Reliability

- The examining physician underwent specialized training in scoliosis detection
techniques.
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- Reliability testing was conducted, and the examiner achieved a high intraclass corre-
lation coefficient (ICC > 0.90) for scoliometer measurements, ensuring measurement
accuracy and reproducibility.

Inclusion criteria: all adults who complete the three phases of PANA nine years before.

Exclusion criteria: non-attendance across any of the three PANA stages

Statistical analysis

The database was analyzed using SPSS version 25.0 for Windows. Descriptive statistics
were obtained through frequency distribution of the variables. Means, standard deviations,
and ranges were calculated for quantitative variables, while absolute frequencies were
obtained for qualitative variables. Analysis of variance was performed to compare different
group samples, and the Student T test was used to assess differences between quantitative
and qualitative variables. Simple correlation was calculated between quantitative variables.
Tukey’s post hoc multiple comparison test was applied where significant differences were
found in ANOVA. Pearson’s correlation coefficient was calculated to examine relationships
between scoliometer measurements and visual FBT outcomes. For diagnostic accuracy,
sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)
were calculated for the FBT to evaluate its diagnostic performance.

3. Results
3.1. Retrospective Study

The percentage of schoolchildren attending the screening study is low and decreases
alarmingly with increasing age. Attendance drops to a concerning 20.5% (181 adolescents
out of the 881 who were expected to attend) in the third stage of detection (Figure 1).
When analyzing the schoolchildren who completed all three PANA assessments, a total of
135 subjects (15.3%) completed all three assessments of the preventive healthcare program.

FBT results for these 135 subjects were positive in approximately 11% during their
initial assessment as schoolchildren, with 12 children aged 10-11 years (9.4%) and 15 ado-
lescents aged 13-14 years (11.8%) testing positive. Trunk alignment observations were not
found in the medical records.

3.2. Prospective Study

In the subsequent prospective study, 127 schoolchildren (94.1% of the 135 who com-
pleted all three assessments of the PANA scoliosis screening) attended the requested
follow-up: 75 males (59%) and 52 females (41%). The average age of the final sample was
20.7 = 1 years.

The quantification of vertebral rotation during FBT in all 127 participants of the
prospective study revealed a mean rotation of 3.6 £ 1.7° in the thoracic spine and 2.5 £ 1.4°
in the lumbar spine, with both measurements ranging from 1° to 9°. The sample distribution
has been summarized in Table 1, and the mean =+ SD of the four Adams groups are shown
in Figure 2.

Considering 5° as the physiological threshold for vertebral rotation during the
FBT [22,29,30], scoliosis suspicion (FBT > 5°) was identified in 15.1% of the subjects, with
no significant gender differences (11 males, 14.9%, and 8 females, 15.4%). In the thoracic
spine, 18 subjects (14.2%) exhibited an FBT > 5° (Table 1), again with no significant gender
differences (10 males, 13.5%, and 8 females, 15.4%). For the lumbar spine, FBT was positive
in three males (2.4%), all of whom were males.
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Table 1. Scoliometer quantification of Adam’s test in adults, after 9 years after completing all the
three phases of the screening program. Sample distribution.

Interventions/Examinations Age
Rotation Degrees Thoracic Spine Lumbar Spine
0-3° 37 29.1 (%) 83 65.4 (%)
4-5° 72 56.7 (%) 41 32.3 (%)
*6-7° 15 11.8 (%) 1 0.8 (%)
*>7° 3 2.4 (%) 2 1.6 (%)
Total 127 127

* Double thoracic and lumbar rotation 6-7° was observed in one subject. Double curve > 7° was also described in
another subject.

In Figure 5, it can be observed that there are no significant differences among the four
groups based on the location of the rib hump (thoracic or lumbar, right or left).

A B C D
FBT Thoracic FBT Thoracic FBT Lumbar FBT Lumbar
Degrees R Degrees L Degrees R Degrees L
SEM 0.16 0.24 0.17 0.13
CI95%+ (°) 4.03 341 3.05 2.51
CI95%- (°) 3.40 2.46 2.39 2.01

Figure 5. Box-and-whisker plot of measures (in degrees) during FBT at thoracic and lumbar levels
in adults after 9 years of the three phases of the screening program, indicating mean, Q1, Q3, and
maximum and minimum values. On the vertical axis (ordinate), the distributions of measures in
the Adams test are represented (in degrees). On the horizontal axis (abscissa), the four groups are
displayed: A = Thoracic Right, B = Thoracic Left, C = Lumbar Right, and D = Lumbar Left. Below, the
exact values for the four groups are shown (R = Right; L = Left). SEM = standard error of the mean.
CI = confidence interval.

According to the ANOVA analysis, one of these distributions differs from the rest
(F=17.46, p < 0.001). Tukey’s multiple comparison test revealed that the variable ‘FBT
Thoracic Degrees R’ is statistically significantly different from the other variables in the
table (p between <0.001 and 0.032), while no statistically significant differences were found
among the remaining variables (p between 0.101 and 0.908).

When analyzing the diagnostic sensitivity of the pediatricians who conducted the
scoliosis screening by correlating subjects with positive results from the subjective, non-
quantified FBT during the second and third stages of PANA with the scoliometer values
recorded nine years later (Table 2), poor sensitivity was shown (5.9%) and high specificity
(96.7%) was observed. Similar specificity (87%) and sensitivity values (5.3%) were found
when only considering positive FBT results from the third stage (Table 3).
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Table 2. Relation between scoliosis suspicion with positive subjective forward bending test at age
10 years (second stage) and 14 years (third stage) and the quantification nine years after of the
Adam’s test with a scoliometer. Scholars with only a positive in Adam’s test on one of the stages

were excluded.

Scoliometer < 5° Scoliometer > 5° Total
Specificity
Positive Adam’s test 3 False positives 1 True positives 4 96.7%
PPV 25%
. , Sensibility
(siii?ﬁﬁiﬁ : ttaesés) 88 True negatives 16 False negatives 104 5.9%
5 NPV 84.6%
Total 91 17 108
PPV = positive predictive value; NPV = negative predictive value.
Table 3. Relation between scoliosis suspicion with positive subjective Adam’s test at age 10 years
(second stage) or 14 years (third stage) and the quantification and validation nine years after of the
Adam’s test with a scoliometer.
Forward Bending Test Scoliometer < 5°  Scoliometer > 5° Total
2nd Stage 3rd Stage
Positive Negative 7 1 8
Negative Positive 11 0 11
Specificity Sensibility NPV PPV
Positive Negative 90.7% 10.5% 85.2% 16.7%
Negative Positive 87% 5.3% 83.9% 6.7%

PPV = positive predictive value; NPV= negative predictive value.

Table 4 shows the correspondence between the inspection of a scoliotic morphotype
and a positive (+) FBT, indicating that the scoliotic morphotype aligns with a positive
thoracic FBT in nearly 90% of thoracic Adams tests and in 88% of positive lumbar FBTs.

Table 4. Number of cases in which the FBT for the thoracic and lumbar regions does not match with
the scoliotic morphotype. The angular value is presented as (X £ SD).

Thoracic FBT Lumbar FBT
n 13 n 15
% 10.3 % 11.9
Mean degrees 22 Mean degrees 2.3
SD degrees 0.8 SD degrees 0.9

The values of the FBT measured with a scoliometer in relation to the scoliotic mor-
photype are presented in Table 5. Complementary information about this table can also be
found in Supplementary Material Figure S1.

It was observed that left and right scapular protrusions have thoracic humps of
statistically equal size (p = 0.233, according to Tukey’s multiple comparison analysis).

The lumbar rib hump shows a statistically significant difference in FBT values
(p = 0.023) when associated with right scapular protrusion compared to left scapular pro-
trusion. Additionally, the thoracic FBT has a greater angular value than the lumbar FBT
(p =0.029).
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Table 5. Relationship between a positive FBT (thoracic and lumbar) and the presence of a scoliotic
morphotype with right or left scapular protraction (Scap Prot), as well as a normal back (No Scap
Protraction). n = number of cases; mean = mean in degrees; SD = standard deviation; SEM = standard
error of the mean; CI = confidence interval.

n
mean (°)
SD (%)
SEM (°)
IC95+ (°)
IC95— (°)

45
3.78
1.80
0.27
4.30

Thoracic FBT Lumbar FBT
Scap Prot R Scap Prot L No Scap Prot Scap Prot R Scap Prot L No Scap Prot
62 12 38 63 11
3.13 3.58 1.71 2.48 2.36
1.02 1.78 0.61 0.98 0.67
0.13 0.51 0.10 0.12 0.20
3.38 4.59 1.90 2.72 2.76
2.88 2.58 1.52 223 1.97

3.25

4. Discussion

Our results highlight that the anticipated benefits of schoolchildren visiting health
centers for a more comprehensive preventive medical assessment are not being realized.
This is in contrast to when the healthcare team (doctor and nurse) conducted assessments at
the school, where almost the entire school population was studied, as attendance remains
critically low, particularly during puberty, with only 20.5% participation in the prevention
program. This leads to missed opportunities for treating scoliosis and other conditions
covered by these screening programs. We found no studies investigating attendance rates
to PANA screening program, suggesting that it has been assumed that almost the entire
target population participates in these evaluations.

The effective screening relies on high attendance. The spine assessment embedded
within the overall health programs, like our PANA, could only be effective if there is a high
attendance rate at primary care check-ups. In our study, only 15.3% of the target population
attended the three recommended follow-ups. When the PANA (School and Adolescent
Health Programme) was designed, it was expected to improve detection rates compared to
the previous system, where a physician visited schools to assess all students. However, our
findings highlight the decline in attendance at the PANA screenings as children grow older,
potentially due to reduced parental adherence to preventive healthcare visits, including
routine check-ups.

A possible solution could be to emphasize the importance of attending these exam-
inations by sending appointment reminders. The option with the highest likelihood of
reaching the vast majority of the population that should benefit from these prevention pro-
grams would be to reintroduce screening assessments in schools, conducted by healthcare
professionals of the respective health center.

Our second aim was to assess the progression of all adolescents who attended all three
check-ups (presumably including especially those who were suspected of having possible
scoliosis in the previous evaluations), who were re-evaluated nine years later. The analysis
of this population was challenging due to the time elapsed and the high rate of residential
relocation. We consider that our systematic and sequential methodology enhanced the
results by employing both cross-sectional and longitudinal analyses, providing comple-
mentary insights into the subject. A strength of our research in scoliosis screening is that
94.1% of the adolescents who underwent the full PANA protocol (assessed at ages 5-6,
10-11, and 13-14) were re-evaluated nine years after their initial check-up.

In our prospective study, a comprehensive clinical examination was performed, and a
clinical suspicion of scoliosis was identified in 15.1% of cases (FBT > 5°), which aligns with
findings from other national (16% in Granada, Spain) [31] and international studies (17% in
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Los Angeles, California) [32]. Slightly lower values were found in Bosnia-Herzegovina
(11.8%) [33] and Nigeria (7.3%) [34].

If the normative range of the FBT is considered until 7° according to Bunnell, scoliosis
suspicion in our sample would have dropped to 3.1% [35]. This percentage is consistent
with the generally accepted prevalence of scoliosis (2—4%) in adolescents aged 10-16 years,
with studies reporting similar values: Duruwalla at 3.1% [36], Navarro at 3.47% [37], Lon-
stein at 1.1% [25], Hernandez et al. at 1.8% [24], Komang-Agung at 2.93% [38], and Zheng
at 2.4% [21]. Differences in percentage of scoliosis suspicion across studies likely reflect
variations in assessment methods, such as FBT with scoliometer quantification [21,39-42],
FBT without scoliometer quantification [25,28,31,37], or radiographic studies [24,43].

Recently, Chen et al. (2024) [44] applied ROC curves (receiver operating characteristic)
and identified shoulder height difference, scapular tilt, flat back, rib hump (components of
a scoliotic morphotype), and thoracic rotation angle as predictors of scoliosis magnitude.
These indicators, alongside sex and age, support the utility of inspection in identifying
scoliotic morphotypes, which may be valuable for scoliosis screening. This aligns with our
observation that the FBT matches the diagnostic suspicion of the scoliotic morphotype in
nearly 90% of our population (Table 4).

A systematic review by Dunn et al. (2018) [45] indicated that the accuracy of scoliosis
detection increases with the number of screening tools used. Specifically, the FBT with
scoliometer demonstrated a sensitivity of 71.1%, specificity of 97.1%, 2.9% false positives,
and 28.9% false negatives. Diagnostic accuracy studies for the FBT based solely on visual
inspection, where it is determined as positive or negative, have not been identified. Our
study demonstrates that sensitivity is very low (around 5%) when the diagnostic suspicion
of scoliosis is based solely on inspection during the FBT, without quantifying the degree of
the rib hump.

The main objections to early scoliosis diagnosis programs include [46]: (a) high false-
positive rates leading to unnecessary radiographic follow-ups, (b) lack of reliable criteria to
predict curve progression, (c) limited comparative evidence supporting early intervention
benefits, (d) high rates of unnecessary consultations, (e) lack of morbidity studies in
untreated scoliosis, and (f) high associated costs. Excessive false positives and non-indicated
diagnostic tools can lead to unnecessary interventions; however, sections a, d, and f
can be significantly reduced /improved with appropriate training for pediatricians and
using a scoliometer, enhancing their diagnostic sensitivity and specificity 15]. Table 3
highlights the limited value of the FBT when performed by untrained physicians and
without specific instruments.

The relevance of early diagnosis is the application of conservative treatment [5,47-49].
It is accepted that an early diagnosis allows for the initiation of conservative treatment
(bracing), preventing the need for surgery and its potential complications [13,50,51].

In 2010, the Scoliosis Research Society (SRS) established an International Task Force to
achieve a scientific consensus on scoliosis screening across the US, Canada, Europe, and
Asia. Using the Delphi method, the following conclusions were reached [10]: (a) Screening
programs are technically, clinically, and therapeutically effective, though cost-efficiency
evidence is lacking; (b) The primary aim of screening is early detection, with referrals for
confirmation (Cobb Angle > 10° on X-ray). Females should be screened twice between ages
10 and 12, while males should be screened once at 13 or 14 years; (c) The scoliometer is
currently the best screening tool, with moderate evidence suggesting that vertebral rotation
between 5° and 7° warrants referral. (d) There is moderate evidence that screening enables
early detection and referral for idiopathic scoliosis (younger ages and lower curve magni-
tudes); (e) Early-diagnosed patients are less likely to require surgery; (f) The prevalence,
referral rates, and positive predictive values of idiopathic scoliosis support adequate screen-
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ing; (g) Further improvements in protocols, referral thresholds, and positive predictive
values are needed.

In contrast, the Previnfad group [52] advised that general screening for idiopathic
scoliosis has more downsides than benefits and does not recommend systematic detection.
Nevertheless, without these programs, many subjects with scoliosis may miss the chance
for conservative treatment, potentially leading to severe trunk deformities in adolescence.

If prevention is valued, the key question becomes how to best implement it, minimiz-
ing costs while maximizing the detection of students with progressive scoliosis. Bras and
Prats (2008) [53] suggested conducting the FBT in children from age 10 during GP visits.
We recommend that pediatricians receive training in identifying scoliotic morphotypes
to avoid mistaking common thoracic asymmetries (present in 80% of the population) for
true scoliosis, as noted by Vercauteren [54] FBT, without quantifying the rib humps, alone
increases error rates. Therefore, it is essential to use a scoliometer and ensure that primary
care physicians are properly trained in its correct application [22].

Alvarez y Nufiez [5] proposed the following primary care protocol: scoliosis can be
ruled out if the FBT measures below 5°. For measurements between 6° and 9°, females
should undergo six-monthly clinical evaluation follow-ups up to one year post-menarche
without radiographic studies. Anterior-posterior and lateral X-rays and specialist referrals
are advised if FBT measures 10° or more. Herndndez et al. [24] and Santonja et al. [22]
suggested that Adams’ test between 5° and 7° with a scoliotic morphotype warrants frontal
arrow measurements, and radiographic studies should follow if these are equal to or larger
than 10 mm. This avoids missing cases with FBT between 5° and 7°, where scoliosis may
still be present, as well as prescribing unnecessary X-rays for cases with FBT between 6°
and 7° without scoliosis.

Our study protocol, conducted 9 years after the last PANA screening, included spinal
morphotype assessment in a standing position [3,22] and FBT quantification with the
scoliometer. A rib hump up to 5° was considered normal [29], though Bunnell suggests
a threshold of up to 7°. The FBT showed 92% sensitivity (CI 95% 85-100) for curves with
a Cobb angle of 20° on X-ray, though its specificity was lower at 60% (CI 95% 47-74) [37].
This supports the idea that reducing the high proportion of false diagnoses can be achieved
by quantifying the Adams test using a scoliometer.

It is important to improve the diagnostic precision of scoliosis to avoid unnecessary X-
rays due to false positives. Luan et al. (2020) [55], in a systematic review and meta-analysis
of 18,873 scoliosis patients, showed that they underwent an average of 23 X-rays over time
(range 0-618) with an estimated radiation dose of 11.35 cGy. Idiopathic scoliosis patients
showed an increased cancer incidence ((OR) = 1.46; p < 0.00001), including higher breast
cancer rates (OR = 1.20; p = 0.02) and overall cancer mortality (OR = 1.50; p < 0.00001) [55].
This confirms the need to use clinical methods that improve the diagnostic accuracy of
scoliosis to reduce false positives, as well as strategies in clinical evaluations to decrease
the number of radiographs.

Until it is definitively determined whether scoliosis prevention programs are effective
and health systems include programs for scoliosis screening among other diverse condi-
tions, it is crucial to monitor compliance levels and achieve attendance close to 100% of the
target population.

Unfortunately, PANA’s shortcomings were not identified in our health program, nor
were corrective strategies developed. Detection program efficiency at primary care will
only improve if attendance rates increase significantly as close as possible to 100%. We
believe that to ensure this, the healthcare team from the GP practice should visit the schools
and conduct the evaluations on-site. This approach would allow for the coverage of nearly
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all scholars, similar to the vaccination programs that, for more than 10 years, were once
again moved from the health center back to schools.

Regarding the scoliosis program, changes in screening programs based on subjective
FBT are recommended, including scoliometer quantification of the FBT with the scoliometer.
Specific assessment training for general practitioners is also required to improve diagnostic
accuracy and reduce the percentage of false positives, decreasing the number of full-spine
X-rays and unnecessary referrals to musculoskeletal specialist consultations. Implementing
these changes could lead to more consistent screening results and better identification of
cases that warrant further specialist evaluation.

There were several potential limitations in this study. First, we only have a retrospec-
tive cohort study based on the database of a single center of patients originating from
a determined region of our country, although we have extended it to three consecutive
years to reduce occasional biases, which limits the generalizability of the results to a larger
or broader population. Second, it would have been of interest to assess the diagnostic
sensitivity of the five pediatricians who conducted the screening evaluations. However,
reassessing diagnostic skills is not a common practice in our healthcare system. And third,
it would have been desirable to conduct the diagnostic accuracy study with full standing
spinal radiographs, but these had not been requested for any of the schoolchildren in our
study population in our surgery, and this study reflects the reality of the clinical practice
that is performed on them.

In summary, this study highlights significant limitations in the current scoliosis screen-
ing program within primary care. Attendance rates in the PANA program were critically
low, with only 15.3% of the target population completing all three screening phases and
participation decreasing to 20.5% in the final stage (ages 13-14). The expected benefits of
conducting screenings in health centers were not achieved. Additionally, the study confirms
that relying solely on the forward bending test (FBT) without quantification leads to a high
false positive rate, with a diagnostic sensitivity of only 5.9% and a specificity of 96.7%.
The use of a scoliometer is essential to enhance diagnostic accuracy, reduce unnecessary
referrals and X-rays, and improve overall screening effectiveness.

5. Conclusions

Our scoliosis detection system has failed, as only 15.3% of the scholars who were
required to attend for “back assessment” for scoliosis screening throughout their growth
completed the assessment in our program by attending all three scheduled follow-ups at
ages 5-6, 10-11, and 13-14 years within the PANA, which is a comprehensive childhood
and adolescence health program. We believe that for the screening program to be effective,
future initiatives should consider reminders to attend PANA check-ups or reintroducing
school-based screenings, ensuring higher participation rates and early detection of scoliosis.

Quantifying the FBT with a scoliometer is necessary for pediatricians working in
primary health care to improve the diagnostic sensitivity of scoliosis screening, and reduce
unnecessary referrals and X-rays, and improve overall screening effectiveness.
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