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SECTION | — THE CORE SHIFT

The Industry Is Starting from the Wrong Question

Every serious conversation about hand safety eventually reaches the same destination: PPE. Better
gloves. More specific gloves. Gloves designed for this particular task, this particular hazard profile.

This is not an irrational response. But it contains a structural flaw.

Gloves protect a hand that is already in the hazard zone. They do not remove it.

That distinction is the entire argument of this paper.

The Question That Changes Everything
The question that dominates hand safety practice is:

How do we protect the hand?

The question that should dominate it is:
Why is the hand there?

This is not a semantic distinction. It is a structural one. A system built around protecting the hand will
optimise for better protection. A system built around removing the hand from hazard zones will optimise for
elimination. The first system has a theoretical ceiling. The second does not.

KEY DISTINCTION

Protection manages the consequences of exposure. Elimination removes the exposure. These are not the
same outcome — and they do not require the same investment.

The Hierarchy of Controls — Applied Correctly

The Hierarchy of Controls places elimination at the top and PPE at the bottom. It is taught in every safety
curriculum. It is endorsed by every major regulatory body.

It is almost universally inverted in practice.

In most industrial settings, hand safety begins and ends with PPE. Engineering controls are rarely
specified at the task design stage. Elimination is almost never attempted for manual handling tasks. The
hierarchy is acknowledged. It is not applied.

The system has been optimised around a constraint — that the hand must
perform the task — that was never examined.
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If the hand is required inside the hazard zone, the task is not yet engineered.
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SECTION Il — THE MISDIAGNOSIS

Injuries Do Not Occur Where We Assume They
Do

The prevailing view is that hand injuries occur during the high-energy phases of manual handling — during
lifting, during transport of heavy loads. High energy implies high risk.

Field observations and incident reviews consistently show otherwise.

Injuries cluster at the final stages of a task — alignment, positioning, and final placement.

These are not the heaviest phases. They are often the lightest. But they are the most precision-dependent
— and precision demands contact.

Usually in the last few inches. When the load is almost in place.

Where the Hand Enters the Task
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Conceptual model — based on field observation

Conceptual model — based on field observation patterns. Not statistical data.

The Three Converging Factors

What makes the final stage uniquely hazardous is the convergence of three characteristics simultaneously:

Characteristic Safety Consequence

High Precision Tolerances are tight; small errors matter Hand must be in close, sustained
contact

High Contact Load is at or near its target position Maximum hand-to-hazard proximity

High Unpredictability Loads shift; surfaces vary Worker cannot anticipate sudden forces
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DIAGNOSTIC PRINCIPLE

Before specifying a safety intervention, determine which phase of the task it addresses. If it does not
address the phase where exposure is highest, it will not prevent the injuries that are most likely to occur.
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SECTION Il — THE SYSTEM GAP

What the Current Safety System Is Missing

The standard industrial hand safety system consists of three components: PPE, procedures, and training.
These components are not ineffective. They are incomplete.

There is a layer missing — one that the current system does not define, does not require, and does not
deploy.

What the Three Layers Do

— PPE manages the consequences of contact. It reduces injury severity when the hand is struck, cut, or
crushed. It does not prevent the contact from occurring.

— Procedures specify safe behaviours for conducting a task. They describe what to do. They do not
change the design of the task itself.

— Training equips workers to operate within the system as designed. It improves performance. It does
not change the structure of what workers are asked to perform.

All three layers operate within a given task design. None of them questions it.

The Missing Layer
The missing layer is an engineered interface between the hand and the task.
This is not a glove. A glove accompanies the hand into the hazard zone. An engineered interface is a

physical mechanism that replaces the hand as the control point — allowing the task to be completed with
precision while the hand remains outside the hazard zone.

— lIttransfers control — the worker directs the task without direct hand contact.
— It maintains precision — it does not sacrifice the accuracy the hand provides.
— Itintroduces distance — physical separation between the hand and the hazard.

— Itis task-specific — designed for the geometry and tolerance of this task.

SYSTEM DIAGNOSIS

The gap in the current safety model is not a gap in effort or investment. It is a gap in the design frame. The
system has been optimised around a constraint — that the hand must perform the task — that was never
examined.

J

As long as the hand is the control point, the risk is embedded in the process — regardless of how
sophisticated the PPE, how detailed the procedure, or how rigorous the training.
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Three layers. PPE. Procedures. Training. All of them operate within a
given task design. None of them questions it.
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SECTION IV — THE ILLUSION OF CONTROL

Touch Feels Like Control. It Is Not a Safety
Mechanism.

One of the most persistent barriers to redesigning the hand-task interaction is cognitive, not technical.
Workers resist removing the hand from the final stage of a task because it feels less controlled.

The hand is an extraordinary instrument of precision. It provides real-time proprioceptive feedback. It
adjusts continuously to changes in load, surface, and position.

But precision is not safety.

Three Things That Are Simultaneously True

When a worker uses their hands at the final stage of a task:

— The task feels fully controlled and manageable.

— The hand is at maximum proximity to the hazard.

— The probability of injury, if anything goes wrong, is at its highest.

Touch creates a subjective experience of control that is entirely compatible with objective maximum
exposure. The feeling of being in control does not reduce the risk. It masks it.

“This is the moment where someone 'just reaches in.' The task asked for it.”

Why Training Cannot Correct a Structural Condition
Telling workers to be less reliant on tactile feedback does not give them an alternative control mechanism.

It asks them to accept reduced precision — which in high-tolerance tasks is not operationally viable.

The correct response is architectural: redesign the task so that the hand is no longer required in the
position where maximum precision and maximum exposure coincide.

DESIGN PRINCIPLE

The perception of control is not a reliable indicator of safety. The most controlled moment in a task is often
the most dangerous one. Safety design must move the control point — not restrict the worker.

What This Means for Task Design

Every task where the hand is the primary control instrument at the final stage should be examined with one
guestion: what designed mechanism could perform that function instead?
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If the answer is 'nothing currently exists' — that is an engineering brief, not a reason to accept the status
quo.
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SECTION V — WHY RISK PERSISTS

Tasks Do Not Evolve Because They Appear to
Work

Industrial tasks persist in their current form not because they are optimal, but because they function. The
absence of frequent, visible failures is misread as evidence of a safe system.

The Logic of Task Persistence
— The task produces the required output. Workers complete it without incident — most of the time.
— Itis familiar. The workforce knows it. Supervisors know how to manage it.

— Redesigning it is disruptive. It requires investment, retraining, and a period of change.

Against these practical arguments, the theoretical concern that the task design contains embedded risk
carries limited weight — particularly when the risk has not recently produced an injury.

How Risk Becomes Invisible

What Happens Organisational Effect

Repetition Task performed many times without incident Risk is experienced as absent or
manageable

Comfort Familiarity reduces perceived difficulty Vigilance decreases; shortcuts form

Acceptance Current method treated as correct method Design is embedded in procedures

Blindness Risk no longer visible as risk Intervention requires an incident to trigger it

The outcome: unsafe practices become standard practices. They are embedded in task instructions,
passed on through informal training, and validated by the apparent stability of the system.

“The injury is not a surprise. It is an overdue statistical event.”

"No incident” does not equal "safe system.” It equals a deferred liability —
one whose repayment date is determined by probability, not by the quality
of the design.

The system does not see the risk it has accepted as normal.
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SECTION VI — THE CONTROL PROBLEM

Where Control Is Required, Exposure Is Highest

The design of most manual handling tasks creates a structural trap: the moment where control
requirements are highest is also the moment where exposure is highest. These two peaks are not
independent. They are causally connected.

The hand is required for control precisely because the task has been designed to require direct contact at
the final stage. That contact creates the exposure. The exposure creates the risk.

“No one plans to put their hand there. The task demands it.”

Where Control Demands the Hand — and Why That Is Dangerous
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Conceptual model — based on field observation

Conceptual model — based on field observation patterns. Not statistical data.

Why Behavioural Solutions Cannot Resolve This

Training, awareness, and procedural reinforcement operate at the behavioural level. They ask workers to
be more careful, more attentive, more disciplined in technique. But if the task design requires the hand to
be in the hazard zone at the moment of maximum risk, a worker who is trained, careful, and fully attentive
is still exposed.

The exposure is built into the task, not into the worker.

Task Condition Why It Demands Hand Contact Safety Consequence

Load instability Weight shifts unpredictably near placement Reactive hand movement into hazard
zone

Tight clearances Object guided to within millimetres of target Sustained close-contact hand
positioning
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Task Condition Why It Demands Hand Contact Safety Consequence

Simultaneous operations ~ One hand guides; the other holds or fastens Both hands at risk simultaneously

Feedback dependency Worker needs tactile confirmation of position ~ Contact maintained beyond
necessary duration

A structural problem requires a structural solution. That solution is engineering control.
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SECTION VIl — THE ENGINEERING MODEL

The Interface Model: Moving the Hand Out of the
Hazard Zone

The shift from protection to engineering control can be stated precisely. The current operational model for
most manual handling tasks is:

HAND - LOAD

The hand is both control mechanism and point of exposure. Control and risk are inseparable.

HAND - INTERFACE - LOAD

The interface is the control point. The hand retains control but is outside the hazard zone.

The Interface Model: Moving the Hand Out of the Hazard Zone

CURRENT MODEL REQUIRED MODEL

Protection Approach Engineering Control Approach

WORKER

PPE / PROTECTION ENGINEERED

(outside hazarf) INTERFACE

HAZARD ZONE HAZARD ZONE
+ HAND IN IT (hand not present)

X Hand is inside the hazard zone v Hand is outside the hazard zone

Vs

Conceptual model — based on field observation

What the Interface Achieves

What Changes Before Interface After Interface

Control point Hand — inside hazard zone Interface — outside hazard zone
Precision mechanism Tactile feedback through contact Designed geometry of interface
Variability Real-time reactive hand adjustment Pre-engineered positional constraint
Injury risk at final stage Highest in task cycle Removed from task cycle
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SECTION VIIIl — REDEFINING THE SOLUTION

A Safety Tool Is Defined by What It Removes

The persistence of hand injuries despite significant safety investment points to a definitional problem. The
tools being deployed are not safety tools — at least not in the sense that matters.

The Conventional Definition and Its Limits

A safety tool is conventionally defined by its properties: the material it is made of, the standard to which it is
certified, the hazard profile against which it offers protection. These are necessary criteria. They are not
sufficient ones.

A glove certified to the highest cut resistance standard is an excellent glove. But it does not answer the
guestion of whether the hand should be in contact with a cutting hazard in the first place.

A More Useful Definition

A safety tool should be defined by what it removes from the interaction between the worker and the

hazard.
Reduces effort or physical strain Ergonomic aid Fatigue; musculoskeletal load
Makes the task easier or faster Productivity tool Operational efficiency
Reduces severity of injury if contact occurs Protective tool (PPE) Injury severity
Reduces frequency of hand-hazard contact = Safety tool Exposure
Removes hand from hazard zone entirely Elimination tool Structural risk

By this framework, most tools currently deployed under the heading of hand safety are protective tools at
best. Very few are elimination tools.

Assistance Is Not Elimination

Assisted handling — ergonomic grips, mechanical lifts, padded interfaces — reduces physical strain and
improves operator comfort. These are genuine benefits. What they do not do is remove the hand from the
hazard zone at the moment of maximum exposure. The hand is still there. The exposure is unchanged.

Elimination requires a different design question: not how can we make this safer for the hand to do — but
how can we redesign this so the hand does not need to be there?
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CHALLENGE FOR SAFETY TEAMS
For every item in the current hand safety equipment list: what does it remove? If the answer is 'the severity
of injury when contact occurs' — it is a protective tool. If the answer is 'the contact itself' — it is a safety
tool.
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What We Actually See on the Shopfloor

The following are not hypothetical scenarios. They are observations repeated across industrial
environments — manufacturing floors, assembly lines, logistics operations, construction sites. They
require no theory to understand. They require only recognition.

WHAT WE ACTUALLY SEE ON THE SHOPFLOOR

Field observation — not theory.

— Workers guiding loads by hand during final placement — fingers under the edge for alignment.
— One hand stabilising a component while the other adjusts position. Both inside the hazard zone.
— Loads held against a hard stop while a fastener is driven, with the guiding hand still in place.

— Improvised reach tools — a piece of timber, a scrap of rod — used when no designed interface is
available.

— A worker leaning in at the last stage of a lift because the jig requires visual confirmation of seating.

— A sheet, panel, or component held in place while alignment is checked — by feel, not by a fixed guide.

— The tool is there. The hand still goes in.

None of these behaviours are careless. All of them are rational responses to tasks that were designed —
by default, not by intention — to require the hand at the point of maximum risk.

“This is the moment where someone ‘just reaches in." It is also the moment the system failed — before
the shift started.”

The Pattern Is Consistent

Across sectors and task types, the pattern is the same. The injury does not occur during the heavy phase
of the task. It occurs in the last few inches of travel. At the moment of precision. When the worker is
concentrating most. When the load is almost in place.

That is when it happens. Not during the lift. Not during the carry.

FIELD OBSERVATION

In every environment where this pattern has been examined, the finding is the same: the hand is present
at the final stage because the task requires it to be. Removing that requirement is an engineering problem,
not a training problem.
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This is not written in SOPs. This is how work actually gets done.
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SECTION X — SYSTEM THINKING

Engineering Control Is a System, Not a Single
Tool

The shift from protection to engineering control is not achieved by introducing one new tool. It requires a
system of designed interactions that together eliminate hand contact in hazard zones across all phases of
the task.

Two Categories of Interface

— Movement interfaces — mechanisms that control the path, speed, and orientation of a load during
transport and approach. These remove the need for the hand to guide or stabilise during earlier phases.

— Positioning interfaces — mechanisms that manage the final placement of a load, replacing the hand
as the precision instrument at the point of highest exposure.

Used together, these interfaces create an operational environment in which the worker directs and
oversees the task — maintaining full control — without the hand entering the hazard zone at any phase.

The Engineering Control Hierarchy for Hand Safety

1 — Elimination Redesign task to remove hand from hazard zone  No exposure; no injury possibility

2 — Fixed guard / jig  Constrain load position mechanically Exposure removed at constrained
phase

3 — Positioning Replace hand at final stage with designed Exposure removed at peak-risk phase

interface mechanism

4 — Movement Control load path without hand guidance Exposure reduced during approach

interface phase

5 — Distance tool Extend functional reach; displace hand from Exposure reduced but not eliminated

hazard

6 — PPE Protect hand that remains in contact with hazard Injury severity reduced; exposure

unchanged

This hierarchy should inform task design in the same way the Hierarchy of Controls informs general safety
design — by establishing that each level down represents a less effective outcome, and that progress up
the hierarchy is the objective.

If the hand is required inside the hazard zone, the task is not yet engineered.
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SECTION XI — THE ADOPTION GAP

Why Good Frameworks Fail to Produce Change

The Hierarchy of Controls has been the theoretical foundation of industrial safety for decades. Engineering
control and elimination are at its apex. In most safety policies, they are formally endorsed. In most
operational environments, they are not applied.

The gap between the framework and its application is not primarily a knowledge problem. It is a structural
and incentive problem.

The Three Structural Barriers

— Engineering control is not required — it is recommended. In most regulatory frameworks, the
requirement is to demonstrate that risk has been managed to an acceptable level. PPE and procedures
satisfy this requirement. The fact that elimination would produce a better outcome does not, in most
frameworks, make it mandatory.

— The cost of engineering control is visible; the cost of incidents is distributed. The investment
required to redesign a task is a line item. The cost of hand injuries — human harm, lost productivity,
insurance, investigation — is distributed across time and across reporting categories. It is rarely
aggregated in a way that makes it comparable to the cost of prevention.

— Safety improvement is measured by incident outcomes, not system quality. An organisation that
has reduced its LTIFR for three consecutive years through PPE and training has no visible incentive to
invest in engineering control that does not register in the incident metrics for another year.

What Needs to Change

— Define safety design requirements, not just safety equipment requirements. A task specification that
must include an interface specification for each high-exposure phase changes the design conversation.

— Aggregate the cost of incidents against the cost of engineering control on a per-task basis. When the
comparison is made at the task level, the case for engineering control is often compelling.

— Track and report engineering control coverage as a leading performance metric — independently of
incident outcomes.

IMPLEMENTATION PRINCIPLE

The question ‘'what interface replaces the hand at the final stage?' should be asked at the task design
stage — not after the first incident, not during a safety audit, and not in response to a regulatory
requirement.

PSC Hand Safety India Pvt. Ltd. « www.handsafetyindia.com 19



PSC HAND SAFETY INDIA PVT. LTD. WHITEPAPER — FOR INDUSTRY USE

SECTION XIl — IMPLEMENTATION

From Framework to Practice

The engineering control framework set out in this paper is not a theoretical proposition. The gap between
the current state and the required state is not primarily technical — it is organisational.

1. Reframe the Safety Specification

The current safety specification for a manual task defines PPE, procedural requirements, and training
prerequisites. It does not define the engineered interface. The specification must be extended to include a
task decomposition, an exposure assessment, and an interface specification for each high-exposure
phase.

If an interface cannot be specified for a high-exposure phase, the task design should be flagged as
incomplete.

2. Redefine What Counts as Safety Equipment

Procurement systems should be extended to include a category for elimination equipment — tools and
mechanisms whose function is to remove hand contact from the hazard zone, not protect the hand that is
init.

3. Integrate Safety into Task Design — Not Retrofit It

Engineering control is most cost-effective when built into task design from the outset — before operational
habits are established, before tooling is fixed, and before the first injury makes the redesign both
necessary and more difficult.

4. Measure What the System Is Actually Controlling

Leading indicators of engineering control effectiveness should be tracked alongside lagging incident
metrics:

— Proportion of high-exposure task phases with specified engineered interfaces.
— Interface availability and usage rates at point of use.
— Reduction in hand-hazard contact duration per task cycle.

— Proportion of tasks redesigned to Level 1-4 in the engineering control hierarchy.

The Standard That This Requires

Progress requires accepting a more demanding standard for what constitutes a safe task.
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The task is safe when the hand is not required in the hazard zone — not
merely when it is protected while it is there.

By the current standard, most task designs pass. By this standard, most do not. The difference between
the two standards is the frontier the industry now needs to cross.
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CLOSING STATEMENT

If the hand is required inside the hazard zone,
the task is not yet engineered.
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