
1

2026, Volume 12, E7

Letter to Editor
Structural Resilience at Low Cost: Rethinking Spinal Cord 
Injury Prevention After Road Traffic Collisions

Hadis Barati1 , Enayatollah Homaei Rad2 , Esmaeil Fattahi3* 

1. Guilan Road Trauma Research Center, Trauma Institute, Guilan University of Medical Sciences, Rasht, Iran.
2. Social Determinants of Health Research Center, Trauma Institute, Guilan University of Medical Sciences, Rasht, Iran.
3. Department of Health Education and Promotion, School of Health, Guilan University of Medical Sciences, Rasht, Iran.

* Corresponding Author: 
Esmaeil Fattahi, Assistant Professor.
Address: Department of Health Education and Promotion, School of Health, Guilan University of Medical Sciences, Rasht, Iran.
Tel: +98 (13) 33849411
E-mail: Esmaeil.fattahi1@gmail.com

Citation Barati H, Homaei Rad E, Fattahi E. Structural Resilience at Low Cost: Rethinking Spinal Cord Injury Prevention After 
Road Traffic Collisions. Iran J Neurosurg. 2026; 12:E7. http://dx.doi.org/10.32598/irjns.12.7

 : http://dx.doi.org/10.32598/irjns.12.7

Use your device to scan 
and read the article online

Copyright © 2026 Guilan University of Medical Sciences. Published by Guilan University of Medical Sciences
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license(https://creativecommons.org/licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited.

Introduction 

pinal cord injury (SCI) represents one of 
the gravest adverse outcomes in spine and 
trauma settings. Despite advances in acute 
management, the long-term functional, 
psychological, and socioeconomic impact 

of SCI remains substantial, and the burden is distrib-
uted unevenly across settings [1-3]. Over the past de-
cade, epidemiologic syntheses and global analyses have 
improved our ability to describe where SCI risk concen-
trates and how it changes over time [1-5]. For traumatic 
SCI in particular, road traffic collisions (RTCs) continue 
to represent a major pathway-especially in settings un-
dergoing rapid motorization and uneven road-safety 
protections [2, 4].

However, improved prediction does not automati-
cally translate into fewer catastrophic outcomes. For 
RTC-related SCI, severity and early deterioration are 
shaped not only by the crash event but also by system 
characteristics: The road environment, which influ-
ences impact forces; variation in vehicles and protec-
tive features; the reliability of prehospital and referral 
pathways; and social and financial conditions that af-
fect timely access to appropriate care. In other words, 
prediction has matured, but the “fragility” of everyday 

mobility systems often remains unchanged. As a result, 
similar collision mechanisms can yield very different 
outcomes across jurisdictions. 

In this commentary, preventive resilience architecture 
(PRA) is introduced as a newly proposed conceptual 
framework developed by the authors. PRA is ground-
ed in established scientific concepts, including injury 
prevention, safe system thinking, the Haddon matrix, 
resilience engineering, resilient healthcare, and path-
way reliability. Its purpose is to integrate these comple-
mentary but often separately discussed concepts into 
a practical, system-oriented framework for SCI preven-
tion after RTCs.

This study proposes a pragmatic framework, PRA, to 
complement established road-safety approaches by ex-
plicitly targeting the chain from hazard to injury sever-
ity to early care. PRA is not intended to replace “safe 
systems” thinking; rather, it offers a spine-care-relevant 
lens that asks a specific question: How do we reduce 
the probability that an RTC results in irreversible spi-
nal cord damage, and how do we minimize early dete-
rioration once injury is suspected? The emphasis is on 
low-cost, measurable interventions that can be imple-
mented through cross-sector action while remaining 
meaningful to spine clinicians and spine societies. From 
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crash risk to catastrophic outcome: where systems mat-
ter most, RTCs are often framed as failures of driver 
behavior or enforcement. While these elements are 
important, RTC-related SCI illustrates the limits of an 
individual-responsibility narrative. At the population 
level, injury severity is strongly influenced by structural 
factors, speed management, road design, protection 
of vulnerable road users, and the availability and reli-
ability of emergency response. In many regions, traffic 
laws exist, but enforcement is inconsistent; pedestrian 
infrastructure is limited; vehicles vary in safety features; 
and emergency response is delayed by distance, cost 
barriers, or fragmented coordination [6]. Under such 
conditions, the difference between a survivable colli-
sion and a paralyzing collision may be determined by 
system design and early pathway performance, not only 
by the hazard itself. 

For the spine community, this framing has two impli-
cations. First, SCI prevention [7] should include inter-
ventions that reduce the severity of impact when col-
lisions occur (not only the collision frequency). Second, 
downstream expertise in SCI care can inform upstream 
priorities, particularly where early deterioration may be 
reduced through more reliable prehospital and referral 
pathways. 

Preventive resilience architecture

PRA organizes prevention into three interacting pillars. 
The aim is to disrupt the pathway from RTC hazards to cat-
astrophic spinal injury and early deterioration (Figure 1). 

Structural resilience: Design that reduces injury severity 

Structural resilience refers to built-environment and 
mobility-system choices that reduce force transmission 
and mitigate injury severity. Examples of RTC-related 
SCI prevention measures include speed-calming road 
layouts in high-risk corridors, safer intersection de-
signs, forgiving roadside features, improved lighting in 
collision-prone areas, and infrastructure that protects 
pedestrians and motorcyclists. Such measures are often 
feasible without waiting for long-term infrastructure 
overhauls, especially when targeting high-burden loca-
tions identified through routine crash and emergency 
medical services (EMS) data. 

The relevance to spine care is direct: interventions that 
reduce kinetic energy exchange and blunt peak forces 
plausibly reduce the incidence of severe spinal injury, 
even when collisions remain frequent. Prioritization is 
key, focusing on sites where high-speed impacts and 
vulnerable road user exposure intersect. 
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Figure 1. Pathway from RTC hazard to SCI outcome: Hazard 

→ Exposure → impact severity → early pathway performance → long-term outcome. 

PRA interrupts transitions through (1) structural resilience (reducing impact severity), (2) social resilience (reducing delays and pathway 
failures), and (3) cognitive resilience (reducing risky exposure and improving protective behaviors). 
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Social resilience: Early pathway reliability and reduced 
delay 

Social resilience focuses on whether a suspected spi-
nal injury triggers timely, coordinated, and appropriate 
care. Delays in prehospital response and early hospital 
phases may contribute to worse outcomes, reflecting 
not only clinical capacity but also transport networks, re-
ferral coordination, and affordability [1, 3, 5]. Therefore, 
PRA emphasizes clear referral pathways; coordinated 
dispatch and transport; and basic financial protections 
or coverage mechanisms that reduce hesitation to seek 
care. Importantly, this pillar is not a call for complex or 
expensive reforms. Even modest improvements, such 
as mapping and publicizing referral routes for suspected 
SCI, strengthening dispatch coordination, and standard-
izing transfer communication, can reduce variability. 
From a clinical perspective, the operational question is 
whether a region has a reliable pathway from scene to 
definitive evaluation and management, with minimal 
avoidable delay. 

Cognitive resilience: decision environments, not only 
education 

Cognitive resilience addresses how environments and 
systems shape behavior. Safety education alone can be 
fragile, and its effects may decay over time and be con-
strained by structural realities. PRA favors behavioral 
supports that make safer choices easier: Clear speed 
cues, visible enforcement aligned with high-risk corri-
dors, targeted campaigns for helmet and seatbelt use 
anchored in local norms, and simple dashboards that 
provide feedback to communities and decision-makers. 
These efforts are most credible when paired with struc-
tural supports, enabling people, not merely instructing 
them, to behave safely. 

Why this framing helps: Prioritization without exag-
geration 

The economic and ethical rationale for prevention is 
clear: SCI generates long-term health-system demands 
and major household impacts [1, 3]. Rather than assert-
ing that any single low-cost intervention will transform 
incidence, PRA advocates a targeted portfolio of low-
cost structural and system changes, selected using local 
data and evaluated with simple indicators. The goal is 
to reduce catastrophic outcomes and inequities by im-
proving the resilience of everyday mobility systems. 

Even modest spending on PRA-aligned actions (e.g. tar-
geted speed management, safer crossings, and stream-
lined referral/transfer coordination) is small compared 
with the long-term costs that follow catastrophic SCI 
and the broader economic losses associated with road 
traffic injuries. In a population-based Ontario study, the 
net lifetime direct health-care cost attributable to SCI 
was estimated at approximately CAD $336,000 per per-
son, with a substantial share incurred in the first year 
post-injury [8]. In parallel, road traffic injuries gener-
ate major societal losses through treatment costs and 
productivity impacts, costing most countries approxi-
mately 3% of gross domestic product [6]. Framed this 
way, low-cost structural and pathway-strengthening 
interventions are better understood as investments in 
population health, with the potential to avert lifelong 
expenditures and reduce disability burden, rather than 
discretionary costs.

What the spine community can do now: A 12-nonth 
starter package 

The following actions are feasible within 12 months 
in many settings and align directly with RTC-related SCI 
prevention [9-11]:

Structural (where severe collisions concentrate) 

Use existing police/EMS records to identify 10–20 
high-risk road segments/intersections for severe RTCs 
and implement targeted speed-calming and lighting im-
provements where feasible [6].

Prioritize pedestrian and motorcyclist protection at tran-
sit stops, markets, and known crossing points (e.g. safe 
crossings, refuge islands, barriers where appropriate). 

Adopt a “high-risk corridor” strategy: concentrate 
modest resources where severe crashes cluster rather 
than dispersing small changes widely. 

Social (pathway reliability) 

Publish a simple, region-specific referral pathway for 
suspected SCI (whom to call, where to transport, and 
escalation options). 

Improve dispatch and transfer coordination (standard-
ized communication, contact points, and transfer agree-
ments between facilities). 

Track avoidable delays using a small set of time points 
(dispatch, arrival, transfer decision, arrival at receiving 
facility). 

https://irjns.org/
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Cognitive (behavioral supports that scale) 

Implement targeted messaging on speed and protec-
tive equipment focused on the highest-risk user groups 
and corridors. 

Create a basic monthly dashboard for accountability: 
severe RTCs in target sites, median response/transfer 
times for suspected SCI, and number of treated sites. 

Minimal indicators (interpreted cautiously) 

Minimal indicators may include median prehospital 
response time for suspected severe RTCs; proportion 
of suspected SCI transported through a defined path-
way; number of high-risk sites treated; and severe RTC 
counts in treated corridors (interpreted alongside expo-
sure) [12]. 

Conclusion 

RTCs remain a major driver of traumatic SCI in many 
regions. Better prediction can describe where the bur-
den concentrates, but it cannot reduce catastrophic 
outcomes. Prevention is more likely to advance when 
mobility systems and early care pathways become less 
fragile, when roads, vehicles, and response systems are 
designed to prevent common hazards from producing 
irreversible spinal injury, and when suspected injury 
triggers a reliable pathway to timely care. PRA offers a 
practical way to organize this work for the spine com-
munity by linking structural design, pathway reliability, 
and behavioral supports into measurable, low-cost ac-
tions. In this view, prevention becomes a shared respon-
sibility grounded in system design and implementation, 
not solely in individual risk-taking. 
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