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Foreword
Somewhere right now, a life-saving machine is sitting idle — not because it is beyond repair, but
because no one nearby knows how to fix it. This is one of global health's quietest and most solvable
problems. Ventilators, incubators, anesthesia machines, and imaging systems are donated and
purchased in enormous numbers, and a heartbreaking fraction of them fall silent within a few years
for want of a trained hand and a spare part.

The BiomedRx Organization has worked on exactly this problem since 1996, training local biomedical
technicians in more than thirty countries across the Western Hemisphere — Canada, the United
States, the Caribbean, and Latin America — and beyond. The premise is simple and stubborn: the
most durable way to improve the quality of healthcare is not to ship more equipment, but to build the
local human capacity to keep equipment alive.

This book is written for the people doing that work and the institutions supporting it: technicians,
instructors, hospital administrators, and donors. It combines the case for education with the practical
shape of it — what technicians must learn, how they are best taught, and how to measure whether
the teaching stuck. The checklists at the end of each chapter are meant to be photocopied and
carried into the classroom and the field.

Chapter 1 — The Invisible Crisis of Broken Machines
The scale of the problem is larger than most donors imagine. The World Health Organization has
estimated that a very large share of medical equipment in low- and middle-income settings is
non-functional, poorly used, or unmaintained at any given time — figures commonly cited in the range
of half of all devices, and higher in some studies. The equipment exists. The capacity to sustain it
does not.

The pattern behind these numbers is remarkably consistent: devices arrive without operating
manuals, without a local supply of consumables and parts, and without anyone trained to maintain or
repair them. A study of hospitals in one region found that a large majority of devices lacked
operational manuals, and that facilities with a biomedical equipment technician on staff had roughly
half as many non-functional devices as those without one. The presence of a single trained person
measurably changes outcomes.

This reframes the mission. The bottleneck in much of the world is not hardware — it is the trained
human standing next to the hardware. Every technician educated is a multiplier, keeping dozens of
devices in service across a career. Education is not adjacent to healthcare delivery; in these settings,
it is a precondition for it.

Field Checklist
■  Inventory non-functional equipment and the reasons it is down

■  Identify facilities operating without a trained biomedical technician



■  Prioritize training where a single technician would have the largest effect

Chapter 2 — What a Biomedical Technician Actually Learns
A competent biomedical technician sits at the intersection of several disciplines and must be fluent in
all of them at a working level. The foundation is electronics and electrical safety: understanding
circuits, power distribution, grounding, and the isolated-power arrangements that protect patients in
critical-care spaces. On top of that sits mechanical and pneumatic knowledge, because many devices
move air, fluid, and parts under precise control.

Beyond the physics comes the discipline of maintenance itself: preventive-maintenance scheduling,
calibration to specification, functional testing, and — crucially — documentation. A technician who
can fix a device but cannot prove it meets spec has done only half the job. The habit of recording
condition, action, and return-to-spec is as much a part of the curriculum as the soldering iron.

Finally, technicians must learn to work within constraints. In many settings there is no OEM hotline,
no overnight parts shipment, and no second machine. Improvisation grounded in sound principles —
safe substitution, careful reverse-engineering of a failure, disciplined troubleshooting — is a taught
skill, not an accident of talent. The best programs teach not just procedures but the judgment to apply
them where resources are thin.

Field Checklist
■  Ground every technician in electrical safety and grounding fundamentals

■  Teach calibration, functional testing, and documentation as one skill set

■  Train disciplined troubleshooting for resource-constrained settings

Chapter 3 — Teaching on the Ground, Worldwide
Since 1996, the principals of the BiomedRx Organization have traveled to teach — arriving where the
equipment and the technicians are, rather than expecting them to come to a distant campus.
On-the-ground instruction has irreplaceable advantages: instructors see the actual devices in the
actual conditions, address the specific failures a facility is living with, and build relationships that
outlast the visit.

Field teaching also surfaces the real curriculum. A textbook lists the failure modes an engineer
anticipated; a hospital's broken-equipment shelf reveals the failures that actually happen — the
corroded connector, the perished tubing, the calibration drift no one caught. Teaching to the shelf, not
just the textbook, produces technicians ready for the work in front of them.

The goal of every visit is to leave behind capacity, not dependency. A well-run training engagement
transfers skill to local instructors as well as local technicians, so that teaching continues after the
visitors leave. The measure of success is not how many devices the visiting team fixed, but how
many the local team can fix next year without them.

Field Checklist
■  Teach against the facility's real broken-equipment inventory

■  Train local instructors, not just local technicians



■  Leave behind reference materials matched to the equipment on site

Chapter 4 — Digital Education and Logistical Resources
Travel does not scale; digital education does. Alongside on-the-ground teaching, the BiomedRx
Organization employs new media and digital tools to extend its reach — carrying instruction,
reference material, and logistical resources to technicians who may never sit in a physical classroom.
A well-made video of a repair procedure can be watched a thousand times in a hundred places, at no
marginal cost.

Digital resources solve one of the field's deepest problems: the missing manual. When operational
documentation is absent — as it so often is — curated digital libraries, procedure guides, and
troubleshooting references become the technician's lifeline. Logistical resources matter just as much:
knowing where to source a part, how to identify a compatible consumable, and how to prioritize a
repair queue is knowledge that can be captured and shared.

The most effective approach blends the two. Digital tools deliver breadth and repeatability; in-person
teaching delivers depth and judgment. A technician trained face-to-face and then supported by an
accessible digital library keeps learning long after the workshop ends, and can teach the next person
in turn.

Field Checklist
■  Build digital libraries that fill the gap left by missing manuals

■  Pair in-person training with ongoing digital support

■  Capture sourcing and logistics knowledge as shareable resources

Chapter 5 — Standards as Curriculum
Good technicians are not taught to a shop's habits; they are taught to standards. Consensus
standards are the shared language of safe, competent practice, and teaching to them ensures that a
technician trained in one place can work credibly in another. In 2026, the 2024 edition of NFPA 99,
Health Care Facilities Code, remains the current, FDA-recognized consensus standard for health
care facilities and appliances, governing installation, inspection, maintenance, and testing.

Educators must teach both the enforced standard and the direction of change. The 2027 edition of
NFPA 99 is now in development, with proposals under review that add a dedicated cybersecurity
chapter and expanded vendor-and-contractor security-management requirements. A technician
entering the field today will spend most of a career under standards that increasingly treat connected
devices as security surfaces, not just electrical and mechanical ones.

Teaching to the transition means keeping documentation and testing practice aligned to the enforced
2024 edition while preparing technicians for the cybersecurity-focused changes ahead. It also means
instilling a habit of mind: standards evolve, and a professional keeps up. The technician who learns to
read and apply the current standard has a skill more durable than any single procedure.

Field Checklist
■  Teach current NFPA 99 (2024) testing and documentation practice



■  Prepare technicians for the cybersecurity focus of the 2027 edition

■  Instill the habit of tracking and applying standard revisions

Chapter 6 — Building Local Capacity That Lasts
The difference between charity and development is durability. Fixing a facility's devices helps for a
season; building a facility's capacity to fix its own devices helps for a generation. Every BiomedRx
educational engagement is designed toward the second outcome — self-sustaining local competence
rather than recurring dependence on outside experts.

Durable capacity has several ingredients. It needs trained technicians, but it also needs trained
trainers, so that skill propagates locally. It needs institutional support — a hospital that budgets for
maintenance, stocks consumables, and treats its biomedical staff as essential rather than optional.
And it needs a culture that values documentation and preventive maintenance, because those are the
habits that keep equipment alive between crises.

Donors and administrators have a role here that is easy to underestimate. Funding a workshop is
straightforward; funding the ongoing conditions for capacity — spare-parts budgets, technician
salaries, continuing education — is harder and more important. The organizations that make the
largest lasting difference are the ones that invest in the system around the technician, not just the
technician.

Field Checklist
■  Train trainers so skills propagate without outside visits

■  Advocate for maintenance budgets and technician retention

■  Embed preventive maintenance and documentation as local culture

Chapter 7 — Measuring Educational Impact
Education programs must be honest about outcomes, and the honest measure is not attendance but
capability sustained over time. Counting how many technicians attended a workshop is easy and
nearly meaningless on its own. The meaningful questions are harder: Are more devices functional a
year later? Are local technicians handling repairs that previously required outside help? Is preventive
maintenance actually happening?

Useful metrics tie training to equipment outcomes. A facility that tracks its functional-device rate
before and after a training engagement can see whether the teaching moved the number that
matters. Tracking mean time to repair, the size of the non-functional backlog, and the share of
devices with current preventive maintenance turns education from an act of faith into a measurable
intervention.

Measurement also improves the teaching. When a program sees which skills transferred and which
did not, it can revise its curriculum toward the failures that actually recur and the competencies that
actually stuck. The best educational organizations treat their own methods the way they teach
technicians to treat equipment: monitored, documented, and continuously improved.

Field Checklist



■  Measure functional-device rates before and after training

■  Track repair backlog and mean time to repair as outcome metrics

■  Use impact data to revise the curriculum toward what sticks

Conclusion: Education as Healthcare Infrastructure
It is tempting to think of hospitals as buildings and equipment, but a hospital is ultimately its people —
and among those people, the biomedical technician is the one who keeps the machinery of care alive.
In much of the world, the shortest path to better healthcare runs not through more donated devices
but through more trained technicians and the local systems that support them. Education is
infrastructure.

The evidence supports the mission plainly. Where trained biomedical equipment technicians are
present, non-functional device counts fall substantially; where operational manuals and local capacity
are absent, equipment dies young regardless of how much of it arrives. Meanwhile the standards
technicians must master are advancing — the enforced 2024 edition of NFPA 99 today, the
cybersecurity-focused 2027 edition tomorrow — which means education is not a one-time gift but an
ongoing relationship.

For thirty years the BiomedRx Organization has taught to that reality, on the ground and increasingly
online, aiming always to leave behind capacity rather than dependence. Teach relentlessly, teach to
standards, teach the trainers, and measure whether it worked. Done well, education is the most
cost-effective healthcare investment there is — and the most enduring.
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