Peer-Reviewed

Integrating Evidence int
Safety Management Sys

By Ronilla Ernest

LADDER-RELATED FALLS and injuries remain a leading cause
of occupational injuries and fatalities despite well-established
safety standards and training requirements. Ladder-related
falls continue to account for a substantial share of fatal and
non-fatal workplace injuries, particularly in construction, in-
stallation, maintenance and repair activities (NIOSH, 2024;
Socias et al., 2014). Nonfatal ladder falls frequently result in
fractures, sprains and other musculoskeletal outcomes, as well
as lost work time, imposing significant human and organiza-
tional costs. In 2020, the United States recorded 22,710 work-
place ladder injuries and 161 fatalities (NIOSH, 2024).

Ladders present a distinct safety challenge because they re-
quire workers to maintain balance, grip, foot placement and
postural control while performing work at elevation. Compared
with scaffolding or elevated work platforms, ladders provide
limited working surface area and limited recovery time when a
slip, missed rung, overreach or load shift occurs.

Biomechanical ladder research shows that recovery from a
perturbation is influenced by factors such as climbing direc-
tion, hand placement, upper-body strength, foot placement

KEY TAKEAWAYS

eLadder safety programs that rely on male anthropometric assump-
tions can unintentionally increase fall and musculoskeletal injury
risks for workers whose physical capabilities may not match those
assumptions, including many women.

eIntegrating ergonomic ladder design, capability-based training
and properly fitted PPE into existing safety management systems
(SMS) can reduce ladder-related injuries without deviating from
existing regulatory and consensus standards.

oThis article translates physiological and ergonomic evidence into
practical, SMS-aligned strategies for ladder selection, task plan-
ning, training and performance measures that maximize safety for
all workers.

and gender-related differences (Hsiao et al., 2008; Pliner, 2020;
Pliner, Seo et al., 2016). These characteristics make ladder safety
especially sensitive to ergonomic mismatches, when equipment
design, task demands or PPE fit exceed the worker’s available
reserve capacity.

Ladder Safety

Ladders are essential tools across many industries, including
construction, warehousing, facilities maintenance, utilities and
emergency services. Although ladder-intensive occupations
remain male-dominated, data shows that women workers par-
ticipate across occupational groups including construction,
installation, maintenance, repair, service, production and trans-
portation, though their representation varies by occupation (U.S.
BLS, 2026). While women are still underrepresented in construc-
tion, the share of the construction workforce made up by women
workers increased from 9% to 11% between 2011 and 2022, a
relative increase of 19% (Trueblood et al., 2023). Ladder safety
programs that assume a single default user type can exclude a
meaningful portion of the workforce who fall outside the intend-
ed design and training parameters (U.S. BLS, 2025, 2026).

Unlike fixed access systems, ladders are frequently repo-
sitioned, used for short-duration tasks, and employed under
varying environmental and workload conditions. These factors
increase exposure because of dynamic risk factors such as fatigue,
overreaching, load handling and balance perturbations. From an
organizational risk management perspective, ladder-related inju-
ries are associated with lost productivity, medical costs, workers’
compensation claims and operational disruptions.

While this article focuses on ladder safety considerations for
women workers, the underlying ergonomics principles discussed
are applicable to any worker whose physical characteristics fall
outside the traditional design assumptions. This includes but
is not limited to workers of smaller stature, older workers, and
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individuals with reduced grip strength, joint instability or pri-
or musculoskeletal injuries. Framing ladder safety through a
capability-based ergonomic lens allows risk to be addressed ac-
cording to functional demands, not just demographic category.

Ladder standards and regulatory requirements establish im-
portant dimensional and performance parameters such as rung
spacing, step spacing and minimal clear width. For instance,
OSHA requires ladder rungs, steps and cleats to be uniformly
spaced and generally between 10 and 14 in. apart, with mini-
mum clear-width requirements for portable and fixed ladders
(OSHA, 2024). Compliance with these dimensional requirements
does not by itself confirm that a ladder is equally suitable for
and usable by every worker. It does not ensure suitability across
every task condition. National anthropometric datasets, includ-
ing those from the National Health and Nutrition Examination
Survey and the Anthropometry Survey of U.S. Army Personnel,
document substantial variation in stature, limb dimensions,
body size, and reach across gender and population groups
(Gordon et al., 2014; National Center for Health Statistics, 2022).
When ladder geometry, task duration, reach distance, load han-
dling or PPE fit approaches an individual worker’s functional
limits, the resulting ergonomic mismatch can reduce grip re-
serve, balance recovery capacity and postural control, thereby
increasing the risk of fall and musculoskeletal injury.

The available surveillance data should be interpreted care-
fully. National data identify men as having higher overall
ladder fall injury rates, likely reflecting greater exposure in
ladder-intensive occupations; however, these data do not fully
normalize risk by ladder task, exposure duration, ladder type,
work height, PPE fit or specific job demand (NIOSH, 2024). It
is important to note that this article does not argue that women
have higher overall ladder injury incidence in every setting. In-
stead, it makes the case that documented physiological, anthro-
pometric and PPE-fit factors can reduce the margin of error

during specific ladder tasks, especially when the same ladder
design or work procedure is applied uniformly across workers
with different functional capacities.

Population-level physiological and anthropometric differ-
ences are relevant to ladder safety because ladder-related tasks
require simultaneous grip, balance, reach, lower-extremity sta-
bility and recovery capacity. Research on ladder perturbations
found greater fall severity among women participants compared
to men participants during both ascent and descent, while other
ladder studies identify upper-body strength, hand placement,
foot placement, climbing direction and recovery response as im-
portant factors in fall outcomes (Pliner, 2020; Pliner, Seo et al.,
2016; Pliner, Sturnieks et al., 2024). These findings support a
capability-based approach to ladder risk assessment instead of a
one-size-fits-all approach to ladder selection and training.

For EHS professionals, addressing ladder safety for women
workers is not a matter of lowering expectations, accommo-
dation or creating separate rules. It is a matter of identifying
where equipment, task design, training and PPE fit may not
align with the functional demands placed on workers. Interna-
tional EHS guidance emphasizes that gender differences should
be considered in risk management, worker participation, re-
search, PPE selection and prevention strategies (International
Labour Office, 2009).

Ladder Safety Within a Safety Management System
Ladder-related safety risks are most effectively managed
when they are embedded within an organization’s safety
management system (SMS), where hazards are systemati-
cally identified, assessed, controlled, monitored and contin-
uously improved. This approach is consistent with OSHAs
Recommended Practices for Safety and Health Programs
and systems-based frameworks such as ANSI/ASSP Z10 and
ISO 45001, which emphasize worker participation, hazard
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identification, risk control, training, performance evaluation
and continuous improvement (ANSI/ASSP, 2019; ISO, 2018;
OSHA, 2016). Integrating ladder safety into SMS processes en-
sures that ladder use is treated as a recurring operational expo-
sure instead of an isolated compliance task.

Figure 1 illustrates the feedback loop used to manage
ladder-related ergonomic risk within an SMS. The arrows rep-
resent the flow of information and control decisions through-
out the system. Hazard identification informs control selection,
training, communication, performance monitoring and inci-
dent analysis. Findings from monitoring and incident analysis,
near-miss reports and field observations then feed into hazard
identification and risk assessment. Figure 1 makes clear that
ladder safety should be treated not as a one-time training topic
but as a recurring operational exposure that must be reviewed
as workers, tasks, equipment and job conditions change.

Stakeholder & Subject Matter Expert Involvement

Inclusive ladder safety practices require input from multi-
ple stakeholders, including women workers, supervisors from
ladder-intensive job groups, EHS professionals, procurement
specialists and ergonomics experts. Worker participation is a core
element of effective safety management because employees can
identify task realities, equipment limitations and PPE fit problems

FIGURE 1
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that may not be visible in written procedures or procurement
specifications (International Labour Office, 2009; OSHA, 2024).
Involving end users in ladder selection, job hazard analysis, field
trials, and procedure development helps ensure that equipment
and work practices align with actual ladder use demands.

Hazard Identification & Risk Assessment:
Physiological & Ergonomic Considerations

Ladder-related hazards frequently arise during tasks that re-
quire simultaneous balance, grip, foot placement and postural
control while performing work at elevation. These demands in-
crease during extended-duration tasks, repeated climbing cycles,
tool handling, lateral reaching, load carrying, descent, and tran-
sitions between the ladder and work surface. As fatigue develops,
available grip strength, balance recovery capacity and joint sta-
bility can diminish, narrowing the margin for error and increas-
ing the likelihood that minor perturbations progress to falls.

These demands are not gender exclusive, but they are gender
relevant. On average, women have lower absolute grip strength
and upper-body strength than men, and ladder perturbation
research has found greater fall severity among women partici-
pants under some ascent and descent conditions (Mathiowetz
etal., 1985; Pliner, Seo et al., 2016). Research examining ladder
use ability, behavior and exposure across age and gender groups
further indicates that ladder safety out-
comes are influenced by the interaction
between physical capability, task condi-
tions, individual behavior and exposure
frequency (Pliner, Sturnieks et al., 2024).
Complementary research on ladder climb-
ing mechanics and fall recovery found
that fall risk was influenced by climbing
direction, number of contact points and
gender, supporting the need to evaluate
ladder safety as a biomechanical and
work-system issue rather than solely as
a matter of compliance with prescribed
behaviors (Beschorner et al., 2015). These
physiological and biomechanical consider-
ations become particularly relevant when
evaluating ladder design and task condi-
tions in real-world applications.

Incident
analysis and
continuous
improvement

Ladder Design & Task Conditions
Ladder design and task conditions
directly influence the level of physical
effort, reach, grip force and postural con-
trol required of the worker during ladder
use. Factors such as rung spacing, ladder
angle, step rise, rail width, handhold
availability, and surface conditions can
affect usability and stability, especial-
ly when workers must simultaneously
manage tools, PPE, time pressures, and
awkward or otherwise suboptimal work-
ing positions. These considerations are
especially relevant for women workers
because differences in stature, hand di-
mensions and grip strength may reduce
the available margin of safety when ladder
design or task demands are not matched
to the worker.

Performance
monitoring
(leading and
lagging
indicators)
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Available evidence supports a broader safety management
expectation that ladder tasks should be evaluated in relation to
the worker, the equipment and the task being performed rather
than through a single women-specific ladder design require-
ment. Accordingly, safety professionals should assess whether
the ladder provides stable foot placement, handholds are ac-
cessible, the worker can maintain three points of contact, the
PPE fits properly without interfering with movement or grip,
and the task requires reaching or forceful exertion while on the
ladder. When the adequacy of these conditions is uncertain,
the safer approach is to redesign the task or select an alternative
means of access rather than rely on training alone.

Core Ergonomic Risk Factors Relevant to Ladder Use

Ladder use requires the simultaneous coordination of grip
strength, balance control, reach and lower-extremity stability
under dynamic conditions. Variability in these physiological
and biomechanical factors can influence a worker’s available
margin of error, particularly when tasks involve descent, over-
reach, load handling or extended duration. Understanding
these core ergonomic risk factors is essential for evaluating
ladder suitability and identifying conditions where additional
controls may be necessary.

Grip Strength & Hand Size

Normative hand-strength data consistently show
gender-related differences in average grip strength across
adult age groups (Mathiowetz et al., 1985; Wang et al., 2018).
During ladder use, the safety concern is not just maximum
grip strength; it is grip reserve under dynamic task conditions.
A worker may be able to grasp a rung under normal condi-
tions but have less reserve capacity during descent, fatigue,
overreaching, tool handling or a sudden perturbation. Ladder
perturbation research indicates that recovery from ladder fall
events depends on the circumstances of the perturbation such
as climbing direction, number of contact points and gender,
with higher fall risk during descent and

when only two extremities contacted the ~ FIGURE 2
ladder rather than simply the worker’s
maximum hand force (Beschorner et al.,,
2015; Pliner, 2020; Pliner, Seo et al., 2016).
Figure 2 illustrates the population-level 120

cited in ergonomics literature and remain useful for illustrat-
ing relative grip strength differences at the population level.
Clinical grip strength measurements do not replicate dynamic
ladder grasping but provide a conservative indicator of avail-
able grip reserve.

Center of Gravity & Balance Stability

Dynamic balance demands increase during ladder ascent,
descent, turning, lateral reaching, carrying tools, and transi-
tioning on and off the ladder. These conditions are important
from a gender-informed standpoint because differences in stat-
ure, reach, center of mass distribution, lower extremity control
and available strength can change how much reserve capacity
remains during the same ladder-related task. Recent ladder-use
research supports evaluating ladder safety through the inter-
action of age, gender, behavior and exposure instead of static
ladder use alone (Pliner, Sturnieks et al., 2024).

Joint Laxity & Lower-Extremity Stability

Joint stability is relevant to ladder safety because slips,
missed rungs, uneven footing and rapid descent require the
worker to recover quickly through the knees, hips and ankles.
Gender-related differences in knee biomechanics and ligament
injury risk have been documented in broader biomechanics
literature, but the practical ladder-safety implications should be
considered carefully. Where lower-extremity stability or recov-
ery capacity is reduced, ladder tasks involving descent, uneven
surfaces, lateral reaching or load handling may require addi-
tional controls such as stabilizers, platform ladders, secured
ladder placement, improved footing and reduced load-carrying
demands (Hewett et al., 2016; Pliner, Seo et al., 2016).

Upper Body Strength & Load-Carrying Limits
Ladder-related tasks that require carrying tools or materials
increase upper-body demand, reduce hand availability and may

shift the worker’s center of mass. These effects are especially

differences in the mean grip strength
between adult women and men based
on normative datasets. This figure con- 100

textualizes relative grip strength differ- =
ences relevant to ladder use demands; =
it does not represent task-specific grip = £
force requirements or predict individual 5
performance. Because these values are £ 60
population-level clinical measurements, a
Figure 2 should not be interpreted as g
a screening tool for individual ladder e 40
access. The purpose of the figure is to 3
make the case that ladder risk assessment z 20

should account for grip reserve, glove fit,
rung characteristics and task demands,
instead of assuming that all workers have 0
the same recovery capacity.

It should be noted that although
Mathiowetz et al. (1985) is a clinical ref-
erence, its normative values are widely

Women

Note. Data adapted from Mathiowetz et al. (1985).
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important for workers with lower grip or upper-body reserve
because carrying objects can reduce the ability to maintain
three-point contact or recovery from a perturbation. Ladder
biomechanics research identifies descent, hand placement, foot
placement and upper-body strength as factors relevant to fall
severity, while ladder-safety guidance emphasizes choosing the
right ladder and avoiding conditions that compromise balance
or contact (NIOSH, 2024; Pliner, 2020; Pliner, Seo et al., 2016).
Carrying tools or materials can reduce hand availability, shift
the worker’s center of mass and reduce ability to maintain sta-
ble contact with the ladder. For this reason, ladder tasks involv-
ing load handling should be evaluated for tool staging, hoists,
lift-assist methods or alternative access before work begins.
Table 1 summarizes key physiological and ergonomic
mechanisms that are relevant to ladder use and identifies cor-
responding safety implications for job hazard analysis, procure-
ment, training and incident review (Mathiowetz et al., 1985;
Onyebeke et al., 2016; Pliner, 2020; Pliner, Seo et al., 2016).

Hazard Controls Using the Hierarchy of Controls
Consistent with the hierarchy of controls, ladder-related risks
can be addressed first by eliminating or substituting ladder
use where feasible, then by engineering controls, administra-
tive controls and PPE. The gender-informed connection is
direct—substitution reduces exposure time; engineering con-
trols reduce reliance on individual grip and balance recovery;
administrative controls prevent overreach, load carrying and
prolonged ladder work; and properly fitted PPE helps preserve
grip, footing and movement. These controls are especially im-
portant when task demands approach the worker’s available
physiological reserve, which can occur for any worker outside
the assumed design range, including many women workers
(NIOSH, 2024; Onyebeke et al., 2016; Pliner, Seo et al., 2016).

Table 2 demonstrates how ladder-related risks can be addressed
using the hierarchy of controls within an SMS framework.

Engineering & Substitution Controls

Engineering and substitution controls reduce reliance on
individual worker capacity by changing the equipment or
access method. Ladder design characteristics that should be
considered include rung spacing, step rise, rung or step surface
texture, ladder angle, ladder height, rail or handhold configu-
ration, clear width, platform availability, and ladder stability.
OSHA establishes minimum ladder requirements, including
rung spacing and clear width, and NIOSH research on aerial
ladder rung spacing found that reducing rung spacing from
14 to 12 in. reduced hand forces, foot forces and ankle twist-
ing and increased climbing speed for women participants in
the study (OSHA, 2024; Simeonov et al., 2020). Although this
evidence does not justify a universal design mandate for every
ladder type, it does support the need to evaluate whether the
compliant ladder dimensions are usable for the specific work-
force and task at hand.

Substitution controls include replacing ladders with mo-
bile work platforms, scaffolds or other access methods for
extended-duration, high-reach, repetitive or tool-intensive tasks.
From a gender-informed perspective, substitution is not an ac-
commodation after the difficulty occurs; instead, it is a preven-
tion strategy for when the task requires sustained grip, reach,
balance or load handling beyond a reasonable margin of safety.

Administrative Controls & Procedures

Traditional ladder safety training often emphasizes rule-
based guidance, such as maintaining a three-point contact,
facing the ladder and avoiding overreach. These rules remain
important, but they may be insufficient when the task exceeds

TABLE 1
Gender-informed Ladder
Risk factor | Evidence base safety relevance exposure Practical control
Grip strength | Normative strength | Average grip reserve, | Slips, descent, Evaluate rung surface,
and hand data, ladder glove fit and overreaching, glove fit, handhold access,
size perturbation handhold contact tool handling task duration and load
research carrying
Dynamic Ladder-use behavior | Affects overreach, Lateral reaching, Use correct ladder height,
balance and and biomechanical stability and recovery | transitions, platform ladders,
reach research margin uneven surfaces | stabilizers or repositioning
Lower- Biomechanical and Affects recovery from | Missed rungs, Secure ladders, improve
extremity fall-recovery missed rungs, descent, uneven | footing, use anti-slip
stability literature missteps or unstable | footing controls, provide descent-
footing focused training
Upper-body | Ladder Reduces reserve Carrying tools, Stage tools, hoist or lift-
load and task | biomechanics, safety | during carrying or repeated climbs, | assist materials, or provide
duration guidance prolonged work prolonged tasks alternative access
PPE fit PPE research, Poorly fitted PPE can | Gloves, boots, fall | Provide size ranges, fit
gender-sensitive EHS | affect grip, footing, protection, verification, field trials and
guidance harness function or clothing worker feedback
movement
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the worker’s functional capacity or when the ladder is not ap-
propriate for the task. Ergonomics-informed ladder programs
should include task-based ladder selection criteria into the

job hazard analyses and pretask planning. At a minimum,

the assessment should include task-based ladder selection,
duration, reach distance, ladder height, work surface, descent
frequency, load handling, PPE fit, environmental conditions
and whether both hands are available for climbing. This is par-
ticularly important because fall recovery research indicates that

maintaining three points of contact may be more protective
than relying on gloves alone, and descent and reduced contact
may increase fall risk (Beschorner et al., 2015).

From a gender-informed ergonomic perspective, this means
that safety professionals should not expect women workers to
compensate for poor ladder fit, excessive reach, oversized PPE,
or load-carrying requirements through being careful or extra
cautious. Instead, the procedure should define clear escalation

triggers for safety access methods before the work begins.

TABLE 2
Gender-
Control Ladder-specific informed
level examples Risk addressed value SMS element
Elimination or | Platforms, scaffolds or Exposure, fatigue, Reduces reliance | Hazard

substitution

alternate access methods

overreach, load on grip, reach

prevention and

for extended duration, handling and balance control
high-reach, repetitive or reserve
tool-intensive work

Engineering Platform ladders, Balance loss, descent | Supports Risk reduction

integrated handrails,
stabilizers, anti-slip surfaces

risk, recovery demand | broader range of

reach, grip and

and procurement

stability
Administrative | Task-based selection, job Overreach, incorrect Shifts focus from | Procedures and
hazard analysis, pretask ladder selection, load | worker training
planning, escalation criteria | handling adaptation to
task design
PPE Provide properly fitted Grip loss, footing Prevents PPE fit | Worker
gloves, boots, harnesses instability, movement | from becoming | protection and
and clothing restriction an added hazard | procurement
TABLE 3
Task When ladder use Risk &
characteristic may be appropriate escalation trigger Preferred control

Short duration,
low reach

The worker can remain

and both hands available

centered with stable footing

Fatigue and reduced reserve due
to duration increases, or
positioning becomes unstable

Use platform ladder
or work platform

Lateral reaching

Work stays within the rails and
the ladder can be repositioned

Overreach, balance loss due to
twisting or leaning

Reposition ladder
or use platform

Tool handling Tools are staged or secured, Grip reduction and instability due | Stage tools, hoist
without affecting grip or to hands being unavailable or load | materials or use
balance shifts worker’s center of mass alternative access

Descent or Descent is controlled, contact Recovery failure due to repeated Add anti-slip

repeated climbing

is maintained and surfaces are
stable

descent, slippery rungs, poor
footing

controls or use
alternate access

PPE interference

PPE fits properly and does not
restrict movement

Reduced grip, footing and
proprioception due to oversized,
loose, restrictive PPE

Replace or adjust
PPE before task
begins
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Table 3 (p. 29) provides a task-based ladder selection and
escalation matrix to help supervisors and workers determine
when ladder use is appropriate and when a safer access method
is needed. The matrix shifts the decision from individual ad-
aptation to task design by identifying conditions such as over-
reach, tool handling, PPE interference and extended duration.

PPE

PPE fit and performance are critical determinants of lad-
der stability and fall prevention. For women workers, PPE
fit problems are not limited to comfort. Research on women
construction workers found persistent problems accessing
properly fitting gloves, harnesses, safety vests, work boots and
outerwear, with many participants reporting that equipment
provided by contractors was too large (Onyebeke et al., 2016).
I1l-fitting gloves can reduce effective grip on ladder rungs
and tactile feedback; oversized or poorly fitted footwear can
compromise foot placement on rungs or steps; poorly fitted
harnesses, fall protection systems, high-visibility vests, or
outerwear can interfere with mobility, balance and secure posi-
tioning; and loose clothing can catch or shift during climbing.
Gender-sensitive EHS guidance emphasizes that PPE selection
should account for differences in body size and worker needs
(International Labour Office, 2009). Therefore, PPE procure-
ment should include size ranges, fit verification and field feed-
back from women workers before equipment is standardized.

Training, Communication & Competency Development
Effective ladder safety programs incorporate ergonomics-
and gender-informed training and education that emphasizes
capability-based decision-making and timely escalation to safer
access methods when task demands approach or exceed worker
capacity. The purpose is not to single out women workers but
to help all workers and supervisors recognize when the ladder,
task or PPE fit reduces the available margin of error. From a
gender-informed perspective, this approach extends beyond re-
iterating the general rule-based guidance, such as maintaining
three points of contact or avoiding overreach. Instead, training

FIGURE 3

Margin for error

Elevated fall risk zone

Available physiological capacity

Higher available capacity

Lower available capacity

should equip supervisors and workers to recognize how ladder
design, task duration, tool handling, PPE fit, reach distance and
surface conditions can interact to create a potential mismatch
between task demands and worker capability. Training should
include ladder selection and setup, climbing posture, descent
control, grip technique, ladder angle, body positioning, reach
limits, tool handling, fatigue recognition, PPE fit and escalation
to safer access methods. Capability-based training, as opposed
to purely rule-based instruction, enables workers to identi-

fy when ladder use exceeds safe functional limits and when
alternative access methods such as platform ladders, mobile
work platforms, scaffolding or other engineered solutions are
warranted. It is particularly important that hands-on training
be conducted under realistic task conditions since risks often
emerge during movement, descent, load handling and transi-
tion points instead of static standing.

Figure 3 illustrates the conceptual relationship between lad-
der task demands (reach distance, task duration, load handling
and task complexity) and available physiological capacity. The
upper area represents conditions where available capacity is
sufficient and the margin for error is greater. The lower shaded
area represents an elevated fall-risk zone where task demands
approach or exceed available capacity. This figure is intended as
a pretask discussion tool, not as a quantitative prediction mod-
el. Figure 3 can be used as a pretask discussion tool to identify
when ladder-task demands may reduce the worker’s margin of
error and require escalation to safer access methods.

Safety professionals should determine where the task falls
within the figure by evaluating observable conditions includ-
ing duration of ladder use, amount of lateral reach, descent
frequency, load handling, work height, surface conditions, lad-
der angle, PPE fit, worker fatigue and whether the worker can
maintain stable hand and foot contact. Gender alone should not
be used to place a worker in a high-risk zone. However, because
average grip strength, reach, upper-body strength and PPE fit
may differ between women and men, these factors should be
considered when evaluating whether a ladder task has adequate
margin for error.

Conditions may be considered lower
risk when task demands are brief, stable
and well matched to the worker’s available
physiological capacity. Risk increases as
tasks involve extended duration, lateral
reaching, tool handling, repeated climb-
ing, awkward or sub-optimal positioning,
uncertain PPE fit, or environmental insta-
bility. Conditions should be considered el-
evated risk when multiple demands occur
concurrently, such as carrying tools while
climbing, reaching beyond the ladder
rails, working from an unstable surface, or
continuing ladder use in the presence of
fatigue. In such instances, the appropriate
response is to redesign the task, select
alternative access methods or equipment,
or implement additional controls before
work proceeds.

Ladder safety expectations should be

Lateral
reaching

Extended duration
ladder work

Carrying tools
or materials

reinforced through toolbox talks, pretask
briefings, visual reminders, supervisor
and EHS professionals’ observations, and

worker feedback. These communications
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should explicitly include PPE fit, ladder selection, overreach,
tool handling, descent and escalation criteria and should not be
limited to discussion of three points of contact and other gener-
alized safety training.

Performance Measurements & Continuous Improvement
Monitoring ladder safety performance within an SMS requires
use of both leading and lagging indicators to evaluate effective-
ness and guide continuous improvement. Leading indicators
provide proactive insight into ladder safety performance before
injuries occur. Examples include ladder inspections, verification
of proper ladder setup and conditions, work observations, assess-
ing climbing posture and overreaching behaviors, confirmation
of PPE fit, review of ladder-selection decisions, and near-miss
or good-catch reporting related to ladder use. Tracking these
leading indicators allows EHS professionals to identify emerging
risks and develop risk prevention strategies earlier in the process.
Lagging indicators include ladder-related injury rates, sever-
ity of injuries, lost work time, workers’ compensation claims
and incident trends. Where feasible, these data should be dis-
aggregated by gender and reviewed by task, ladder type, work
height, task duration, body part injured, PPE used and incident
mechanism. This is vital because aggregate injury counts may
obscure whether women workers are experiencing different
patterns of near misses, PPE fit issues, overreach events or mus-
culoskeletal outcomes. While lagging indicators do not prevent
incidents directly, they help EHS professionals evaluate pro-
gram effectiveness and identify priority areas for intervention.

Implications for Safety Practice

When viewed through an SMS framework, ladder safety
controls should include hazard identification, engineering and
administrative controls, PPE, training, performance monitoring,
and incident analysis. For women workers, the practical impli-
cation is that ladder safety should be designed into work instead
of being left up to individual adaptation. Procurement should
include ladders and PPE that accommodate a broader range of
body sizes, reaches and grip needs. Job hazard analyses should
identify tasks involving sustained reach, repeated descent, load
handling, poor footing or PPE interference. Supervisors should
be trained to recognize escalation triggers and authorize safer
access methods without treating the need as a performance issue.

Integrating ergonomic ladder design, capability-based train-
ing, and properly fitted PPE into existing SMS processes can be
achieved without undue complexity or cost and without deviat-
ing from regulatory or consensus standards. This approach also
supports business continuity by reducing injury-related lost
time, workers’ compensation costs and operational disruptions.

Available occupational injury surveillance data likely under-
represents near misses, PPE fit problems, task-specific exposure
duration and ladder-use frequency by gender. As a result, orga-
nizations should not rely solely on injury counts to determine
whether ladder controls are effective for women workers. These
internal data sources—near-miss reports, worker feedback, PPE
replacement records, job hazard analysis findings and supervi-
sor observations—should supplement injury counts by helping
organizations proactively identify equipment, PPE, task or
training gaps before they result in injury.

Incident Analysis & Corrective Action
Analysis of ladder-related incidents should examine contrib-
uting factors such as incorrect ladder selection, excessive reach,

insufficient grip, poor footing, descent, load handling, unstable
setup, environmental conditions, fatigue, PPE interference or
inadequate task planning. From a gender-informed standpoint,
incident investigations should also determine whether the lad-
der, gloves, footwear, harness and work procedure fit the work-
er and the task. This approach helps frame the focus away from
worker behavior when the underlying issue may be equipment
and task mismatch.

An SMS-based approach ensures that lessons learned from
ladder incidents and near misses are systematically translated
into procurement changes, procedure revisions, training up-
dates and field verifications. Regular review of ladder-related
data enables organizations to refine controls so that ladder use
is better aligned with worker capability and task demands.

Conclusion

The evidence reviewed in this article does not suggest that
women are inherently unable to use ladders safely. It supports a
clear prevention strategy: Ladder safety programs based on uni-
form assumptions may not fully address risk for women workers
or other workers whose functional capacity falls outside the
assumed design range across an increasingly diverse workforce.
The available surveillance data do not prove that women expe-
rience higher overall ladder injury rates in every occupational
settings. However, ladder biomechanics, anthropometric data
and PPE fit research show that factors such as grip strength,
reach, balance recovery, upper-body strength, ladder geometry
and PPE fit can affect the margin of error during ladder use.

For women workers, these factors become safety-relevant when
ladder tasks require prolonged climbing, descent, lateral reaching,
load handling, poorly fitted PPE, or work performed from ladder
designs that do not accommodate a broad range of users. The ap-
propriate response is not to place the burden of responsibility on
individual workers to compensate, but to strengthen the SMS by
selecting appropriate ladders, designing tasks to reduce overreach
and load handling, providing properly fitted PPE, training work-
ers and supervisors to recognize escalation triggers, and using
leading indicators to identify mismatch before injuries occur.

Capability-based ladder safety benefits women workers and
applies broadly to all workers whose body dimensions, strength,
reach, balance demands or PPE fit needs differ from traditional
design assumptions, thereby improving safety for the entire
workforce. The central issue is not whether women workers can
use ladders safely—they can and they do—but whether ladder
selection, task design, PPE and control measures have been ap-
propriately evaluated for the actual workforce performing the
work. By integrating ergonomic evidence into ladder selection,
task planning, training, PPE procurement and continuous im-
provement, EHS professionals can close a practical gap in fall
prevention and align ladder safety programs with the realities of
an increasingly diverse workforce. PSJ
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