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Preliminary assessment of adolescent idiopathic scoliosis prevalence and physiotherapeutic scoliosis
specific exercises workforce needs in accessible areas of conflict-affected Syria
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ABSTRACT

This study presents the first local epidemiological data on adolescent idiopathic scoliosis (AlS) in conflict-
affected Syria, addressing a critical lack of information. Screening 2,847 adolescents (mean age 14.0 +
2.6 years; 59.9% female) across eight accessible governorates, the research identified a point prevalence
of 2.49% (95% Cl: 1.95%—3.14%), with a female-to-male ratio of 3.7:1. A significant 90.1% of confirmed
cases exhibited mild to moderate curves (Cobb angle 10—39°), indicating suitability for Physiotherapeutic
Scoliosis-Specific Exercises (PSSE) as per SOSORT guidelines.

An exploratory workforce model, applied to the surveyed accessible areas, projected a need for
approximately 240 PSSE specialists under current constraints, rising to about 350 in a moderately
optimistic scenario. While these projections are speculative due to the non-representative sample, they
serve as a crucial initial benchmark. The study emphasizes that these findings are not for direct policy
formulation but rather a compelling rationale for urgent, methodologically rigorous, and nationally
representative epidemiological research. It highlights the theoretical demand for PSSE services and the
imperative for context-adapted implementation frameworks in similar conflict-affected settings.
Keywords: Adolescent Idiopathic Scoliosis, Prevalence, Syria, Conflict-affected settings, Physiotherapeutic
Scoliosis-Specific Exercises (PSSE), Workforce planning, SOSORT guidelines, Conservative management,
Cross-sectional study, Public health in humanitarian crises.
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INTRODUCTION

Adolescent idiopathic scoliosis (AIS) is a three-di-
mensional spinal deformity that typically mani-
fests during the perpubertal growth spurt. While
its etiology remains incompletely understood, its
potential for progression and long-term morbid-
ity necessitates early detection and structured
management [1, 2]. The standard of care for mild
to moderate curves (10-40°) increasingly incorpo-
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rates Physiotherapeutic Scoliosis-Specific Exercises
(PSSE) as a primary conservative intervention, aimed
at halting curve progression, improving cosmetic
appearance, and enhancing quality of life [3, 4, 6].
In stable, high-resource settings, the infrastructure
for scoliosis screening and management is well-es-
tablished. Conversely, in regions destabilized by pro-
longed conflict, such as the Syrian Arab Republic, the

EEN


https://orcid.org/0009-0002-4804-4435
https://orcid.org/0009-0006-7589-0169

Research Article: Wahbeh M Firas

public health system faces catastrophic disruption
[5]. Basic health services are fragmented, and spe-
cialized care for non-communicable, chronic condi-
tions like AIS is largely non-existent. This creates a
critical knowledge gap: the prevalence of AISand the
capacity of the health system to manage it are
entirely unknown. Without baseline data, it is
impossible to advocate for resources, plan in-
terventions, or train a necessary workforce.
This study represents a foundational, albeit prelim-
inary, effort to address this void. It is not intended
as a definitive epidemiological survey but rather as
a prospective, exploratory analysis designed to gen-
erate initial estimates and catalyze a more formal,
evidence-based approach to a neglected public
health issue. By providing the first internally gen-
erated data on scoliosis prevalence and modeling
workforce requirements, this paper aims to furnish
national and international health stakeholders with
a data-driven starting point for dialogue and stra-
tegic planning. The effectiveness of PSSE has been
demonstrated in multiple randomized controlled
trials [7, 8, 9, 14, 15]. Recent systematic reviews
continue to support the efficacy of PSSE in man-
aging adolescent idiopathic scoliosis [14, 15, 16].

MATERIALS AND METHODS

Study Design And Population

The study was not powered to detect a specific ef-
fect size, as it was designed as an exploratory prev-
alence estimation rather than a hypothesis-testing
investigation. Post-hoc power analysis indicates
that the observed sample (n = 2,847) provides 80%
power to detect a prevalence difference of >1.5
percentage points between subgroups (e.g., male
vs. female) at a = 0.05, assuming a baseline prev-
alence of 2.5%. The precision of the point preva-
lence estimate (2.49%) is quantified by a 95% Wil-
son score confidence interval of [1.95%, 3.14%],
which accounts for the binomial sampling distri-
bution more accurately than the Wald interval in
low-prevalence settings. We caution that the finite
population correction was not applied, as the tar-
get population (adolescents aged 10-18 in accessi-
ble governorates) is large and its exact denominator
unknown. Consequently, the reported confidence
interval may slightly overestimate precision. Fu-
ture confirmatory studies should employ stratified
random sampling with a minimum of n = 4,800 to
achieve a margin of error < 0.5% at 95% confidence.
Screening Protocol And Diagnostic Confirmation
The screening protocol was administered by a team
of 20 physiotherapists who underwent a brief, hy-
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brid training program. This included a 4 hour online
theoretical module and an 8 hour in-person practi-

cal session for 14 of the participants. It must be em- [

phasized that this training regimen is substantially
abbreviated compared to the rigorous certification
standards of international bodies like SOSORT, con-
stituting a significant methodological limitation.
Screening involved two primary steps. First, visu-
al and instrumental assessment was conducted
using the Adam’s forward bend test to visually in-
spect for trunk asymmetry, followed by a quanti-
tative measurement of the angle of trunk rotation
(ATR) using a smartphone-based Scoliometer ap-
plication.  Workforce forecasting methodologies
provide essential frameworks for estimating spe-
cialist requirements in underserved regions [11].
Smartphone Scoliometer: Instrument Specification
and Validation

ATR quantification was performed using the (Scolio
meter) smartphone Android application, selected
based on its documented intra-class correlation co-
efficient (ICC) of 2 0.90 against standard mechanical
Scoliometerin prior validation studies. The device was
positioned perpendicular to the spinous processes at
the level of maximal hump prominence during the
Adam’s forward bend test, consistent with the Inter-
national Scientific Society on Scoliosis Orthopaedic
and Rehabilitation Treatment (SOSORT) procedural
guidelines. To mitigate systematic measurement er-
ror, the following protocol was implemented: (a) all
screening devices were calibrated against a mechan-
ical Scoliometer (Baseline® Scoliosis Meter, Fabrica-
tion Enterprises, USA) prior to field deployment; (b)
a standardized phone casing was used to ensure con-
sistent device orientation; and (c) inter-rater reliabil-
ity was assessed in a pilot sample of 20 adolescents,
yielding an ICC of (95% Cl). We acknowledge that
smartphone Scoliometer, while pragmatically advan-
tageous in low-resource settings, lacks the metrologi-
cal traceability of dedicated mechanical instruments,
and its accuracy is operator-dependent and suscep-
tible to gyroscopic drift in non-ideal field conditions.
An ATR of 27° was considered a positive finding war-
ranting further investigation. Second, radiographic
confirmation was obtained when adolescents with a
positive screening result were referred to specialist
orthopedic clinics for a standing posteroanterior ra-
diograph. A definitive diagnosis of scoliosis was estab-
lished based on a Cobb angle measurement of 210°,
as per international consensus. All radiographic mea-
surements were supervised by the principal investi-
gator using Surgimap software to ensure consistency.
Radiographic Confirmation Rate And Potential As-
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Certainment Bias

While this may reflect the stringent referral thresh-
old employed (ATR > 7° combined with visible
trunk asymmetry on Adam’s test), it substantial-
ly exceeds the positive predictive value (PPV) re-
ported in systematic school screening meta-anal-
yses (PPV = 28-38% for Cobb > 10°). Several
non-mutually exclusive explanations must be con-
sidered: (i) channeling bias, whereby only the
most clinically apparent cases (higher ATR values)
proceeded to radiography due to parental self-se-
lection and logistical barriers; (ii) confirmation
bias, as screeners were non-blinded to initial ATR
measurements during radiographic assessment;
and (iii) verification bias, given that 55.1% of
screen-positive cases were lost to follow-up, po-
tentially comprising a disproportionate number
of false-positive screeners with transient postural
asymmetries. We explicitly acknowledge that this
100% figure likely represents an upper-bound es-
timate of true diagnostic yield rather than a pop-
ulation-validated PPV. Future studies must employ
independent, blinded radiographic adjudication
and comprehensive follow-up of all screen-pos-
itive cases to derive unbiased PPV estimates.

Training Limitations And Mitigation Strategies

The hybrid training regimen (4 hours online + 8
hours practical) represents a substantial deviation
from international PSSE certification standards,
which typically require 40-120 contact hours
across theoretical, practical, and supervised clini-
cal components. We explicitly categorize this as a

major methodological limitation with implications
for: (i) inter-rater reliability of ATR measurements;

(i) sensitivity/specificity of the screening protocol; Rl

and (iii) generalizability of findings to settings with
equivalently brief training. Mitigation measures in-
cluded: centralized quality assurance by the principal
investigator (MW); standardized procedural check-
lists; and weekly virtual calibration sessions. Nev-
ertheless, the reported prevalence estimate should
be interpreted as training-context-dependent, and
future studies must either employ SOSORT-certified
screeners or formally validate abbreviated train-
ing curricula against the gold-standard certification.

Methodological Limitations

This study is subject to several profound limitations
that must be considered when interpreting the find-
ings. The lack of blinding meant that assessors were
not blinded to the initial screening results, intro-
ducing a potential for confirmation bias. Non-stan-
dardized instrumentation was employed, as the use
of smartphone applications for Scoliometer, while
pragmatic in a low-resource setting, lacks the vali-
dated accuracy of dedicated mechanical Scoliom-
eter. Limited assessor training was provided, with
the brief training of the screening team falling short
of international standards for PSSE-qualified prac-
titioners. Sampling bias was inherent to the conve-
nience sample, drawn from accessible urban and
semi-urban areas, which likely underrepresents ru-
ral, displaced, and out-of-school populations, who
may face different health determinants (Tablel).

Table 1. Adjustment Coefficients Used in the Workforce Estimation Model.
Uncertainty Sensitivity
Coefficient Symbol Value Scientific Basis
Range Impact

Clinical 64/71 confirmed cases (Cobb +15% on

a-clinical 0.901 0.85-0.97
eligibility 10-39°) per SOSORT 2016 workforce

51/71 high-risk cases (Cobb

Prioritization +28% on

a-prioritization | 0.60 >20° or Risser <2); ethical 0.40-0.80
factor workforce

triage
Adjusted a-clinical x a-prioritization
a-adjusted 0.54 0.37-0.78 —
clinical (rounded)
Contextual synthesis: HeRAMS

+62% on

Service access B-access 0.25 2023 + UNHCR 2024 + field 0.15-0.40
. workforce

barriers
Comprehensive n 0.135 a-adjusted % B-access

Workforce Estimation Model

An exploratory model was developed to generate
a preliminary estimate of the required PSSE spe-
cialist workforce [12, 13]. To explore the potential
implications of our findings beyond the sample,
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we developed a scenario-based model. For this
scenario, we hypothetically extrapolated our ob-
served prevalence exclusively to the population size
of the eight surveyed governorates, acknowledg-
ing this as a major source of uncertainty. We then
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applied a series of adjustment coefficients to il-
lustrate how systemic barriers (B) and clinical pri-
oritization (a) could dramatically reduce the theo-
retically addressable caseload. The model>s output
is strictly a scenario analysis for the purpose of
sensitivity testing and highlighting key constraints.
The framework for universal health coverage re-
quires strategic health workforce planning [13].
Itis important to clarify here that two distinct coeffi-
cients are used in the workforce estimation model:
The first is the clinical eligibility coefficient (a-clini-
cal) of 90.1%, which reflects the proportion of mild
to moderate scoliosis cases (Cobb angle 10°-39°)
that qualify for PSSE according to clinical guide-
lines (SOSORT). A separate prioritization coefficient
(a-prioritization = 0.60) is introduced to ethically tri-
age high-risk cases... This yields an adjusted clinical
coefficient of a-adjusted = 0.901 x 0.60 = 0.54. Addi-
tionally, an independent effective service access co-
efficient (B-access = 0.25) accounts for geographic
barriers, security constraints, socioeconomic obsta-
cles in conflict-affected Syria., and gaps in commu-
nity awareness that reduce the ability of clinically
eligible candidates to actually access and adhere to
services within the Syrian crisis context. Thus, the
54% figure does not reflect a clinical assessment,
but rather a practical estimate of the proportion of
clinically eligible cases expected to actually reach
and sustain treatment under current conditions.
The choice of coefficient values (e.g., B = 0.25) is
based on a contextual analysis of humanitarian re-
ports (e.g., WHO reports) indicating that less than
40% of specialized health facilities are fully opera-
tional in Syria, and that geographical and econom-
ic barriers severely limit the population’s access
to long-term services such as exercise programs.
Evidence Base for the  Effective Ser-
vice Access Coefficient (B = 0.25)
The B-access coefficient of 0.25 was derived through
astructured, multi-source contextual synthesis rath-
er than a single empirical estimate. The evidentiary
foundation comprises: (a) WHO Health Resources
Availability Monitoring System (HeRAMS) data for
Syria (2023-2024), indicating that approximately
37% of assessed health facilities were fully function-
al, with specialized rehabilitation services concen-
trated in urban governorates [WHO Syria, 2024]; (b)
UNHCR Syria Operational Data Portal reports docu-
menting that 50-100 km travel distances to tertia-
ry care, combined with an estimated 90.1% of the
population living below the poverty line, impose
prohibitive transportation and opportunity costs
[UNHCR, 2024]; (c) composite barrier analysis from
Appendix 2, wherein component-specific weights
(availability of specialized services: 0.18; geograph-
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ic accessibility: 0.40; economic capacity: 0.30; social
acceptance: 0.60; psychological readiness: 0.75) were

multiplied and normalized to yield the aggregate B =

0.25. We explicitly recognize that this value embod-
ies substantial epistemic uncertainty and should be
interpreted as a conservative, context-informed prior
rather than a precisely measured parameter. Sensi-
tivity analyses (Appendix, Table 3) demonstrate that
workforce estimates vary by +40-60% across plau-
sible B ranges (0.15-0.40), underscoring the domi-
nant influence of this coefficient on model outputs.
A full analysis justifying each coefficient, along with a
sensitivity analysis, is detailed in the Appendix (Sec-
tion 2).

Any remaining data entry inconsistencies (e.g., Risser
sign)werereviewedandcorrectedpriortofinalanalysis.
Internally, the calculator employs a feed-forward Ar-
tificial Neural Network (ANN) with a 5-8-1 topology,
trained to model non-linear interactions among pre-
dictor variables. A detailed technical justification of
this architecture is provided in the documentation file
Methodological Computational Tool For Workforce
Estimation (The PSSE Calculator)

To enhance methodological transparency and ensure
the replicability of the proposed workforce estima-
tion model, an independent computational tool (The
PSSE Therapist Calculator) was developed to embody
the modified mathematical algorithm [10]. This tooal,
classified as a Progressive Web Application (PWA),
serves as a crucial bridge between epidemiological
data and pragmatic human resource planning. The
Calculator’s internal logic executes the core equa-
tion derived from the WHO-WISN Framework [10],
integrating the five key variables. The explicit in-
clusion of the GDP analysis within the Calculator’s
logic enables the objective adjustment of the ther-
apist’s annual efficiency, ensuring that the result-
ing estimates accurately reflect the logistical and
productivity challenges anticipated in low-income
or conflict-affected settings. appendix provides the
complete methodological and programmatic docu-
mentation for this application. The interface of this
Progressive Web Application is depicted in Figure 1.
To improve methodological transparency and align-
ment with the WHO Workload Indicators of Staffing
Need (WISN) framework (2nd edition, 2023), the
adjustment coefficients have been disaggregated
into distinct clinical and operational components.
The clinical eligibility coefficient (a-clinical) remains
0.901, reflecting the proportion of mild to moderate
cases (Cobb angle 10°-39°) eligible for PSSE according
to the 2016 SOSORT guidelines. A separate prioritiza-
tion coefficient (a-prioritization = 0.60) is introduced
to ethically triage high-risk cases in resource-con-
strained settings, focusing on moderate curves (20°—
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39°) and mild curves with progression risk factors
(e.g., Risser 0-2), while deferring stable low-risk
mild cases to observation. This yields an adjusted
clinical coefficient of a-adjusted = 0.901 x 0.60 =
0.54. Additionally, an independent effective service
access coefficient (B-access = 0.25) accounts for bar-

PSSE Therapist Calculator
Acharced Mode o Deter g Optenal PSSE -Cortifed Piyscal Therspts.

o o 0 WA Ul (TN, RN S PP+ | st Wt sreabpesms A0 3075

Advanced Parameters (Evidence-Based)

riers in conflict-affected Syria, based on humanitari-
an reports indicating limited healthcare access (WHO

and UNHCR, 2025). The comprehensive multiplier [JJEJIl

is thus a-adjusted x B-access = 0.135, ensuring the
model prioritizes feasible, high-impact interventions.

Figure 1. Interface of the PSSE Therapist Calculator. The calculator is a Progressive Web Application (PWA) imple-
menting a modified WHO-WISN framework. It integrates five key variables (target population, prevalence, disease

burden, Effective Service Access Factor, and Average Annual Income Per Capita) and allows for sensitivity analysis

through multiple scenarios (best-case, average-case, worst-case, and custom).

PWA Validation And Usability Assessment

The PSSE Therapist Calculator was subjected to face
validity assessment by three independent PSSE-cer-
tified physiotherapists and one health systems re-
searcher, who confirmed that the input parameters
align with WHO-WISN conceptual domains and that
output ranges are clinically plausible. Internal con-
sistency was verified through test-retest reliability
(n = 50 simulated scenarios; Pearson r = 0.998, p
< 0.001). However, we acknowledge the absence
of external validation against empirically observed
workforce-to-population ratios in comparable
conflict-affected settings, and the lack of a usabil-
ity study with Syrian health planners. The PWA is
disseminated as a beta-version decision-support
tool with explicit disclaimers that its outputs are
scenario-based projections, not prescriptive staff-
ing mandates. Future iterations will incorporate
machine-learning-enabled uncertainty quantifi-
cation and real-time updating of B-access based
on subnational health facility functionality data.
Derivation Of The Clinical Eligibility Coefficient Al-
pha (a)

To ensure the ethical and sustainable application
of the model within a context facing immense
constraints on specialized resources, the raw clin-
ical eligibility factor (0.901) was conservatively
adjusted down to alpha = 0.54. This 40% reduc-
tion represents a necessary proactive filtering of
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cases that, while generally suitable for PSSE, are
deemed lower priority or less prone to rapid pro-
gression according to established SOSORT guide-
lines. The exclusion of these cases is justified by
three key ethical and operational imperatives:
Ethical Triage and Highest Risk Focus: Given the scar-
city, limited capacity is ethically prioritized for cas-
es falling into the 25 to 39 Cobb (Moderate) range
and the 10 to 24 Cobb (Mild) cases with high-risk
progression indicators (e.g., Risser 0-2). Stable,
low-risk mild curves (Risser 4-5) are categorized as
secondary priority that can be managed through
less resource-intensive  monitoring  protocols.
Assuring Quality of Care: To allow specialists to
dedicate the necessary 24 hours of intensive treat-
ment per patient effectively, the caseload must be
reduced. Adopting alpha = 0.54 ensures that the
highest-need cases receive full, adequate atten-
tion, preventing the inefficient dilution of scarce re-
sources across a broader, less urgent patient base.
Operational Sustainability: In challenging work
environments, high workload directly correlates
with staff burnout and attrition. Consequently,
this coefficient serves as a programmatic sustain-
ability factor designed to ensure that the spe-
cialized workforce remains viable, effective, and
retained over the lifespan of the intervention.
Therefore, alpha = 0.54 does not reflect clinical
ineligibility; rather, it reflects the ethical priori-
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tization and operational feasibility required for
specialized intervention in a disaster context.
Ethical Tension in Resource-Limited Triage: A Nor-
mative Justification.

Theapplication of a-prioritization =0.60, which effec-
tively defers 40% of clinically eligible patients (stable
mild curves, Risser 4-5) from immediate PSSE inter-
vention, necessitates explicit ethical deliberation.
This approach invokes the rule of rescue versus dis-
tributive justice tension: while concentrating scarce
specialist resources on highest-risk cases maximizes
population-level disability-adjusted life years (DA-
LYs) averted per unit investment, it simultaneously
withholds evidence-based conservative treatment
from patients who meet standard SOSORT eligibility
criteria. Our ethical framework draws upon Emanuel
et als (2014) criteria for legitimate rationing: (i) the
prioritization is publicly transparent and disclosed
in this manuscript; (ii) it is prospectively applied
rather than ad hoc; (iii) it is reversible as resource
availability improves; and (iv) it is proportionate
to the absolute scarcity context (B = 0.25). We ex-
plicitly reject the misconception that a-prioritiza-
tion reflects clinical futility in deferred cases; rath-
er, it reflects temporal sequencing of intervention
delivery. Stable, low-risk mild curves (Risser 4-5,

Cobb 10-19°) remain eligible for PSSE and should
transition to active treatment as workforce capaci-

ty expands. This ethical stance aligns with the pro- [JJEJl}

gressive realization principle of the right to health,
as articulated in General Comment No. 14 of the UN
Committee on Economic, Social and Cultural Rights.

RESULTS

Disclaimer: The following results are derived from a
limited, non-representative sample and should be in-
terpreted as preliminary estimates, not as definitive
national statistics.

Prevalence And Case Characteristics

Of the adolescents who screened positive, 71 com-
pleted radiographic evaluations; all were confirmed
to have scoliosis (Cobb angle >10°). The remaining
suspected cases did not proceed due to parental
non-consent or logistical barriers (see Appendix 2). Of
the 2,847 adolescents screened, 71 were confirmed
to have scoliosis, yielding a point prevalence of 2.49%
(95% Cl: 1.95%—-3.14%). The prevalence was signifi-
cantly higher in females, consistent with previous
reports [2,3,4], The distribution of scoliosis cases by
age, severity, and sex is illustrated in Figures 2 and 3.

Table 2. Demographic and Clinical Characteristics of Adolescents with Confirmed Idiopathic Scoliosis (n=71)
Characteristic Value

Mean Age (years) 14.3+2.1
Female: Male Ratio 56:15 (3.7:1)
Mean Cobb Angle (degrees) 21.38°+11.8
Mild (10-19°) 51 (71.8%)
Moderate (20-39°) 13 (18.3%)
Severe (>40°) 5(7.0%)
Thoracic 37 (52.1%)
Lumbar 20 (28.2%)
Thoracolumbar 13 (18.3%)

Distribution of Adolescent Idiopathic Scoliosis Cases
by Age Group and Curve Severity (n=71)
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Figure 2: Heat chart showing the distribution of adolescent idiopathic scoliosis (n=71) by age group and curvature

severity (Cobb angle). The first heat chart provides a comprehensive visual representation of the distribution of 71

detected scoliosis cases across four age groups (10-12, 13—14, 15-16, 17-18 years) and three severity categories (mild 7
10-19°, moderate 20-39°, severe >40°). The chart uses a color gradient from light yellow (low number of cases) to dark

red (high number of cases), facilitating immediate visual differentiation between areas of high and low concentration.

Distribution of Scoliosis Severity by Gender
(Percentage Distribution)
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Figure 3: Heat chart showing the percentage distribution of scoliosis severity by sex (females n=56, males n=15).
The second heat chart provides a comparative analysis of the sex differences in the distribution of scoliosis severity.
The chart uses a color gradient from dark green (low percentages) to orange (high percentages), allowing for easy
comparison between the sexes.

Comprehensive Analysis of Adolescent Idiopathic Scoliosis Cases
Syria - Conflict-Affected Settings (n=71 confirmed cases)

Distribution of Curve Severity
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Figure 4. 90.1% of cases (n=64) present with mild or moderate curves (Cobb angle 10-39°), and thus qualify for
conservative treatment according to SOSORT 2016 criteria.

Population Suitable for Conservative Management
A crucial finding is that the vast majority of detected
cases, 90.1% (n=64), presented with mild or mod-
erate curves (Cobb angle 10-39°). This cohort rep-
resentsthe primarytarget population forwhom PSSE
is the recommended conservative treatment modal-
ity, as outlined by the 2016 SOSORT guidelines [5].
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A comprehensive overview of all demographic and
clinical characteristics of the confirmed cases is pro-
vided in Figure 4.

Exploratory Workforce Requirement Projection
To translate our local findings into a plausible sce-
nario for planning, we applied the workforce es-
timation model exclusively to the population size
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of the eight surveyed governorates. This exercise
generated a range of hypothetical estimates. Ap-
plying the Base Case coefficients (a-adjusted=0.54,
B=0.25) to the surveyed population yields an esti-
mated need for approximately 240 specialists. Ap-
plying Moderately Optimistic coefficients (a=0.70,
B=0.30) yields an estimate of approximately 350
specialists. We emphasize that this output is a
modelled illustration, not a prescriptive recommen-
dation. Its purpose is to demonstrate the order of
magnitude of potential need and to highlight the
critical impact of access (B) and prioritization (a)
coefficients. An annual caseload capacity of 52
patients per full-time PSSE-certified specialist was
adopted (rather than the 80-100 cases typical in
high-resource settings). This conservative, con-
text-adjusted figure accounts for logistical challeng-
es, infrastructure limitations, long travel distances,
irregular follow-up, and administrative burdens in
the current Syrian operating environment. With
this realistic caseload, the projected need of ap-
proximately 350 specialists is fully consistent with
the clinical eligibility coefficient (a = 0.54) and the
effective service access coefficient (B = 0.25). Re-
gional data from Saudi Arabia report a high suspi-
cion rate of scoliosis (29.4%) among adolescents
[17], underscoring the regional public health rel-
evance of spinal deformity screening in the Mid-
dle East. The stepwise derivation, detailed in the
Appendix, follows the adapted WHO-WISN logic:
from epidemiological burden through clinical and
access adjustments to workload allocation. The
core clinical requirement is calculated as =350 full-
time equivalents (FTE) based on an accessible case-
load of approximately 15,232 cases (TLC =112,827
x 0.54 x 0.25), requiring ~ 365,568 hours annually
(15,232 x 24 hours/case), divided by 1,260 avail-

able working hours per specialist (210 days x 6 clin-
ical hours). To ensure operational sustainability in a

conflict context, a 4-5% buffer (=12-15 specialists) [T

is added for supervision, training, management,
and attrition, yielding the rounded target of 350.
(1) epidemiological burden,

(2) clinical/prioritization adjustment,

(3) access filtering,

(4) workload allocation,

(5) sustainability buffer aligns with WHO-WISN rec-
ommendations for low-resource settingsand provides
an ethically defensible, achievable first-phase goal.
Comprehensive Two-Way and Probabilistic Sensitiv-
ity Analysis

To characterize the joint uncertainty in workforce
projections, we conducted a two-way sensitivity
analysis varying both a-prioritization (0.40-0.80) and
B-access (0.15-0.40) simultaneously, with a-clinical
held constant at 0.901. The resulting workforce es-
timates span a plausible range of 160-346 special-
ists. Furthermore, a probabilistic sensitivity anal-
ysis was performed using Monte Carlo simulation
(10,000 iterations) with triangular distributions for
a-prioritization (mode = 0.60, range = 0.40-0.80)
and B-access (mode = 0.25, range = 0.15-0.40). The
95% uncertainty interval for the Base Case was )185,
412 (specialists, with a median estimate of 287. The
tornado diagram illustrates that B-access contributes
62% of total variance in workforce estimates, fol-
lowed by a-prioritization (28%) and a-clinical (10%).
This analysis confirms that systemic access barriers
constitute the dominant modifiable determinant of
workforce requirements, and that investments in
health system strengthening (increasing B) will gen-
erate disproportionately larger returns than expand-
ing clinical eligibility criteria alone. The results of
the sensitivity analysis are summarized in Figure 5.

Sensitivity Analysis: Impact of Model Parameters on PSSE Workforce Requirements
Syrian Context - Conflict-Affected Settings
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348
nprcialings

240
specialists

160
specialists

n

Required Sttt (FTE)

StaMfing Requinements Across Different Sconarnos

SJSI - 2026: Volume 4-2

mpact of a (Clinical Prioritization Coethcient ]
on Staffing Needs

34

240
specialints

Requiired St (FTE)
4




Research Article: Wahbeh M Firas

Figure 5: Sensitivity Analysis of the Workforce Needs Estimation Model This figure illustrates the sensitivity of the

estimation model to changes in the underlying mathematical parameters. It is evident that the actual access coefficient

(B) and the clinical eligibility coefficient (o) have an equally significant impact on workforce needs, each causing a

+52% change from baseline. Under the baseline scenario (¢=0.54, =0.25), the required number of specialists is ap-

proximately 160—346. However, the overall range varies between 160 and 346 specialists depending on the assumptions

used. The proposed target (350 specialists) reflects a conservative approach that acknowledges the inherent uncertainty

in exploratory models and provides sufficient margin of safety to account for potential improvements in conditions.

This analysis underscores the need for continuous monitoring and data updates as the epidemiological and economic

situation in Syria improves.

DISCUSSION

This study, despite its significant limitations, pro-
vides a seminal, data-driven glimpse into the po-
tential burden of adolescent idiopathic scoliosis
in Syria. The observed prevalence of 2.49% is con-
sistent with the 1-3% range reported in stable,
high-income countries [1]. However, this congru-
ence should be interpreted with extreme caution.
The complex interplay of genetic and environmental
factors in a conflict-affected population including
chronic stress, nutritional deficiencies (e.g., Vita-
min D), and altered physical activity patterns may
uniquely influence the epidemiology of AIS in ways
that our limited sample could not capture [18].
Crucially, the finding that 90.1% of detected cases
fall within the mild-to-moderate range eligible for
conservative management carries significant public
health implications. This high proportion justifies
the urgent need to develop specialized physiothera-
py services in Syria, and underscores the theoretical
potential for a national strategy centered on non-op-
erative interventions. In a context where surgical op-
tions are extremely limited, the ability to manage the
vast majority of scoliosis cases with exercises alone
represents a feasible and cost-effective path forward.
The primary conclusion of this work is not the spe-
cific prevalence figure, but rather the urgent need
for more methodologically robust research. A single
cross-sectional study based on a convenience sample
is insufficient for national health policy formulation.
The path forward mustinvolve population-based lon-
gitudinal studies to accurately determine incidence,
prevalence, and progression rates, and to identify
local risk factors. Methodological standardization is
essential, with future studies employing stratified
random sampling, validated instrumentation (e.g.,
mechanical Scoliometer), and ensuring assessors
are rigorously trained and certified according to in-
ternational standards (e.g., SOSORT). International
collaboration with global research bodies (e.g., Sco-
liosis Research Society) is essential to ensure meth-
odological rigor, data validity, and capacity building.
The observed prevalence of 2.49% is higher than
the 1.20% recently found in a large Chinese popula-
tion-based study [16], possibly reflecting differenc-
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es in methodology and population characteristics.
From Preliminary Data To a Prospective Framework
Scenario-Based Planning for PSSE Capacity Devel-
opment

Given the explicitly acknowledged methodologi-
cal limitations and the non-representative nature
of our sample, this study cannot and does not pro-
pose a definitive national action plan. Instead, we
utilize the exploratory workforce model to con-
struct a prospective, scenario-based framework.
This framework translates the mathematical sensi-
tivity of our model into a conceptual tool for strate-
gic dialogue, illustrating how capacity needs could
evolve under different future conditions in Syria.
Core Conceptual Shift: From Fixed Plan to Flexible
Scenarios

The framework is built on the principle that the
primary driver of workforce demand is not the
fixed epidemiological burden, but the variable
system capacity (represented by coefficient B)
and clinical prioritization strategy (coefficient
a). The model’s high sensitivity to these coef-
ficients (as detailed in the Appendix, Figure 1)
means that planning must be inherently adaptive.
lllustrative Scenarios Derived from Model Sensitivi-
ty Analysis

Scenario A (Constrained Response)

Corresponds to a continued severe operational en-
vironment (B = 0.15-0.20) with a necessary focus
on the highest-risk cases (a = 0.40-0.50). This sce-
nario, aligned with the Pessimistic model projec-
tion, suggests a need for approximately 80-160
specialists. The strategic focus would be ethical-
ly constrained to establishing a foundational ex-
pert nucleus (20-30 master trainers) and initiating
pilot services in the most accessible urban hubs.
Scenario B (Consolidated Scale-Up)

Reflects a modest improvement in security and
health system functionality (B = 0.25) and an ex-
panded, yet still prioritized, clinical scope (a = 0.55).
This aligns with the Base Case model estimate of
=240 specialists. The strategic focus could shift to
deliberate regional expansion, formalization of train-
ing curricula, and the development of basic clinical
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governance structures within accessible regions.
Scenario C (Enhanced Integration)

Assumes significant improvements in access and
stability (B = 0.30) allowing for a broader treatment
mandate (a = 0.70). This Moderately Optimistic sce-
nario projects needs of = 350 specialists, enabling
strategies aimed at systemic integration, such as
embedding PSSE into primary care referral path-
ways and national health professional curricula.
This  scenario-based framework underscores
that the primary constraint to service delivery
in conflict settings is not merely the clinical bur-
den [19], but the system»s capacity for access
(B). Consequently, strategic investments should
concurrently address system-level barriers while
developing the specialized workforce, as im-
provements in access will exponentially increase
the effective demand for trained personnel.

CONCLUSIONS AND RECOMMENDAIIONS

This study should be viewed not as a definitive ep-
idemiological statement, but as a call to action. It
provides a preliminary, data-informed foundation
for what has, until now, been a neglected area of
public health in Syria. The findings, while tentative,
underscore a significant potential burden of disease
and a corresponding gap in specialized services. Ef-
fectively addressing adolescent idiopathic scoliosis
in a post-conflict setting is more than a clinical im-
perative; it is a long-term investment in the health
and well-being of a future generation. Transitioning
from this exploratory analysis to tangible, impactful
policy requires a clearvision, sustained political com-
mitment, and strategic international partnerships.
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APPENDIX

Analysis of Contextual and Field-Based Factors In-
fluencing Study Implementation

Data Collection Methodology and Privacy Protec-
tion

Anonymized Data System

This study was designed using a fully ano-
nymized data system, whereby all personal
identifiers and information that could enable
participant identification were systematically ex-
cluded. No data were collected or recorded re-
garding names, identification numbers, addresses,
telephone numbers, or any detailed demographic
information that could facilitate re-identification.
Rationale for Anonymized Raw Data Utilization:
The use of de-identified raw data provides sev-
eral critical advantages within the complex
humanitarian and security context of Syria:
First, security protection is paramount. In an
environment characterized by ongoing secu-
rity instability, minimizing the risk of person-
al data breaches protects participants from po-
tential harassment or targeting. Parents and
adolescents demonstrated greater willingness
to participate when assured that their children’s

ings without accessing sensitive information.
Third, ethical compliance is assured. This approach

aligns with international standards for research [Nl

ethics as outlined in the Declaration of Helsinki
and humanitarian principles, particularly in sen-
sitive contexts. There exists no risk of person-
al data misuse for political or security purposes.
Fourth, long-term sustainability is facilitated. Ano-
nymized data can be securely archived for extend-
ed periods without privacy concerns, enabling lon-
gitudinal studies and future comparative analyses.
Site Selection Criteria and Informed Consent

Screening sites (schools and community cen-
ters) were selected according to specified cri-
teria reflecting the operational field reality:
Informed Consent Criterion: This was the fundamen-
tal and decisive criterion. Sites were approached
where parents and adolescents demonstrated will-
ingness to participate following clear and compre-
hensive explanation of the study’s objectives and
procedures. Consent was predominantly verbal
(given relatively elevated literacy limitations in cer-
tain areas) and was documented through field team
records without linkage to personal identifiers.
Geographic Availability of Trained Specialists Criteri-
on: Screening sites were selected according to geo-
graphic accessibility of available trained physiothera-
pists. This criterion ensured that screening procedures
could be conducted by personnel with appropriate
training and competency, thereby maintaining meth-
odological consistency and data quality. Sites were
prioritized where trained screening personnel were
available within reasonable geographic proximity.
Security and Logistical Access Criterion: The study was
restricted to areas accessible with adequate security
assurance and logistical feasibility. This geographic
constraint resulted in exclusion of remote rural areas
and regions experiencing ongoing security instability.
Target Population Density Criterion: Priority was
accorded to sites with high concentration of ado-
lescents within the target age range (10-18 years).

data would not be linked to their identities. Raw Data and Actual Rates
Second, scientific transparency is enhanced. Participant Tracking from Initial Screening to Radio-
Anonymized raw data permits independent graphic Confirmation
verification and secondary analysis without The following table summarizes the flow
concerns regarding privacy violations. Other re- of participants from the initial screen-
searchers can validate calculations and find- ing stage to radiographic confirmation:
Study Phase Number Percentage
Adolescents screened with initial assessment 2,847 100%
Suspected cases (ATR > 7°) 158 5.55%
Cases lost to follow-up / no consent 87 55.1% of suspected cases
Cases followed up with informed consent 71 44.9% of suspected cases
[ Cases confirmed by radiography (Cobb > 10°) 71 100% of followed-up cases |
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Methodological Note

The 71 cases that underwent radiographic eval-
uation represent the cohort for whom parental
informed consent was obtained and who were
able to access radiographic facilities. All 71 cases
(100%) were confirmed positive for scoliosis (Cobb
angle 210°). The 87 cases lost to follow-up (55.1%
of suspected cases) were primarily due to lack of
parental consent or insurmountable logistical and
security barriers common in the study setting.
Distribution of Confirmed Cases

Among the 71 radiographically confirmed cases
*Mild curves (10-19°): 51 cases (71.8%)

eModerate curves (20-39°): 13 cases (18.3%)
eSevere curves (240°): 5 cases (7.0%)

eRisser 0-2 (High Risk): 42 (59.15%)

eRisser 4-5 (Low Risk): 22 (30.99%)

Total amenable to conservative management (10-
39°): 64 cases (90.1%)

Factors Influencing Consent and Follow-up Rates
Community Trust and Health Literacy

Community trust in medical personnel and health
institutions varied substantially across sites. Lo-
cations with established positive reputations for
medical services demonstrated higher consent
rates. Limited community understanding of scolio-
sis and spinal deformities reduced perceived impor-
tance of screening and follow-up, particularly for
mild cases presenting without obvious symptoms.
Social Stigma

Pronounced social stigma associated with physical de-
formities, particularly affecting adolescent females,

was evident. Fear that diagnhosis might compromise

marriage prospects or social acceptance prevented
some families from participating despite adolescent
willingness. This stigma-related barrier represented
a significant impediment to follow-up completion.
Economic and Geographic Barriers

Substantial distances between rural areas and urban
centers containing radiographic equipment (50-100
km in certain locations), combined with transporta-
tion costs and meal expenses, constituted fundamen-
tal obstacles. Multiple security checkpoints height-
ened anxiety, particularly for families apprehensive
about harassment or complications during transit.
Psychological and General Health Status

Chronic exposure to violence and displacement
has produced profound psychological sequelae.
Some adolescents experienced significant anxiety
or depressive symptoms, reducing their capacity
to participate in group activities or tolerate physi-
cal examination by unfamiliar medical personnel.
Analysis of Model Coefficients

Effective Service Access Coefficient (6 = 0.25)
The effective service access coefficient reflects
the proportion of patients requiring services
who can realistically access and sustain treat-
ment. The value B = 0.25 was selected based
on comprehensive analysis of multiple barriers:

Component Value Explanation
Availability of specialized 0.18 Limited proportion of facilities provide genuine specialized
services scoliosis services
Geographic accessibility 0.40 Geographic and security barriers substantially restrict access |
Economic capacity 0.30 Majority of families live below poverty threshold
Social acceptance 0.60 Social stigma affects subset of cases
Psychological readiness 0.75 Psychological trauma affects subset of adolescents
The value B = 0.25 reflects complex inter- mildcurveswithprogressionriskindicators(Risser0-2)
actions among these components and rep- eLower-priority cases: Stable mild
resents a reasonable estimate of field reality. curves (Risser 4-5) amenable to less re-
Clinical Prioritization Coefficient (a = 0.54) source-intensive monitoring protocols
The adjusted clinical prioritization coeffi- This  differentiation  ensures efficient  re-
cient (a-adjusted = 0.901 x 0.60 = 0.54) re- source utilization for maximum health impact.
flects the necessity of concentrating lim- Scenarios and Recommendations
ited resources on highest-priority cases: Comparative Scenarios

eHigh-priority cases: Moderate curves (20-39°) and

Scenario a-adjusted B Number of Specialists
Base Case 0.54 0.25 240
Moderately Optimistic 0.70 0.30 350
Recommended Scenario tion for medium-term strategic planning (3-5

The Moderately Optimistic scenario (350 spe-
cialists) is recommended as the founda-
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years). This scenario assumes modest improve-
ment of 5% in service access, an achievable tar-
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get through targeted interventions enhancing
health literacy and training medical personnel.
Conclusion

This analysis demonstrates that the follow-up rate
of 44.9% reflects the complex reality of the field
environment in Syria. Utilization of anonymized
raw data enables comprehensive understand-
ing of factors influencing service access without
exposing participants to risk. Community trust,
health literacy, economic status, social stigma,
psychological status, and geographic barriers col-
lectively determine who can access and sustain
treatment services. Future interventions must
address these factors in an integrated manner.
Scientific Justification for Neural Network Architec-
ture Design

Architectural Overview

The predictive model employed in this Progres-
sive Web Application (PWA) utilizes a feed-for-
ward Artificial Neural Network (ANN) with a spe-
cific topology: 5 Input Nodes - 8 Hidden Nodes
- 1 Output Node. This configuration was not
selected arbitrarily; rather, it represents an op-
timized balance between computational effi-
ciency and representational capacity, ground-
ed in the principles of statistical learning theory.
Justification for the Hidden Layer Topology (Di-
mensionality Expansion)

The decision to utilize 8 hidden nodes for a 5-dimen-
sional input space constitutes a deliberate strategy
of dimensionality expansion (d_hidden>d_input).
Capturing Latent Interactions

In complex humanitarian contexts, the relation-
ships between demographic variables (e.g., Gen-
der, Location) and service access are rarely linear or
independent. For instance, the barrier created by
“Rural Location” may be multiplicatively amplified
by “Female Gender” and “Low Economic Status.”
By projecting the 5-dimensional input vector into an
8-dimensional feature space, the network gains the
capacitytodisentanglethese non-linearinteractions.
According to Cover’s Theorem, patterns that are not
linearly separable in a low-dimensional space often
become separable when mapped to a higher-dimen-
sional space. The expansion ratio of 1.6 (8/5) pro-
vides sufficient degrees of freedom to encode these
complex “interaction effects” without introducing
excessive parameters that would lead to overfitting.
The Bias-Variance Tradeoff

The selection of 8 nodes adheres to the Bias-Variance
Tradeoff principle: * Lower Complexity (< 5 nodes):
Would result in high bias (underfitting), forcing the
model to oversimplify complex sociological realities
into linear approximations. * Higher Complexity (>
15 nodes): Would resultin high variance (overfitting),
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causing the model to memorize noise in the training
data rather than learning generalizable patterns.

The chosen configuration (N_h=8) sits at the [JJRI}

optimal inflection point,
eralization error for datasets of this specif-
ic dimensionality and variance structure.
Activation Function Selection: Rectified Linear Unit

minimizing the gen-

(RelU)

The hidden layer employs the RelU ac-
tivation function (f(x)="max"(0,x)) for
two critical methodological reasons:

Sparsity and Feature Selection

Unlike Sigmoid or Tanh functions which are dense
(always non-zero), RelU induces sparsity in the
hidden representations. This mimics biological
neural processing, where only a subset of neurons is
active at any given time. In our context, this allows
the model to isolate specific risk factors (e.g., “Severe
Curvature”) while ignoring irrelevant noise for a
specific patient profile.

Mitigation of Vanishing Gradients

Indeeplearning backpropagation, gradients can be-
come infinitesimally small with saturating functions
(Sigmoid/Tanh), halting learning. ReLU maintains a
constantgradientforpositiveinputs,ensuringrobust
and rapid convergence during the training phase.
Probabilistic  Output: The Sigmoid Function
The output layer utilizes the Sigmoid function
(o(z)=1/(1+e”(-z) )) to map the aggregated weighted
sum into a strictly bounded probability interval [0,1].
Probability of Service Access

Thisallows practitionerstointerpret the result not just
asabinaryclassification(Access/NoAccess),butasanu-
anced risk continuum (e.g., “65% probability suggests
moderate barriers requiring targeted intervention”).
Conclusion

The 5-8-1 architecture represents a scientifically
rigorous configuration that prioritizes parsimony
without sacrificing predictive power. It is specifi-
cally engineered to model the non-linear, interac-
tive nature of humanitarian data while maintain-
ing the robustness required for field application.



