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Abstract

Background: Interstep variations in step riser height and tread depth within a stairway could negatively impact safe stair
negotiation by decreasing step riser height predictability and, consequently, increasing stair users' fall risk. Unfortunately, interstep
variationsin riser height and depth are common, particularly in older stairways, but its impact may be lessened by highlighting
steps’ edges using a high-contrast stripe on the top front edge of each step.

Objective: This study aimed to determine (1) if fall-related events are associated with greater interstep riser height and depth
variations and (2) if such fall-related events are reduced in the presence of contrast-enhanced step edges compared with a control
stairway.

Methods: Stair users were video recorded on 2 public stairways in a university building. One stairway had black vinyl stripes
applied to the step’s edges and black-and-white vertical stripes on the last and top steps’ faces. The stairway with striping was
counterbalanced, with the striped stairway than a control, and the control with stripes. Each stair user recorded was coded for
whether they experienced afall-related event. A total of 10,000 samples (observations) of 20 fall-related events were drawn with
0.25 probahility from each condition to determine the probability of observing a distribution with the constraints outlined by the
hypotheses by a computerized Monte Carlo simulation.

Results: Intotal, 11,137 individua stair user observations had 20 fall-related events. The flights that had 14 mm in interstep
riser height variation and 38 mm in interstep depth variation were associated with 80% (16/20) of thefall-related events observed.
Furthermore, 2 fall-related events were observed for low interstep variation with no striping, and 2 fall-related events were
observed during low interstep variation with striping. A total of 20 fall-related events were observed, with 4 occurring on flights
of stairswith low interstep variation. For stairswith high variability in step dimensions, 13 of 16 (81%) fall-related events occurred
on the control stairway (no striping) compared with 3 of 16 (19%) on the high-contrast striping stairway. The distribution of
fall-related events we observed between conditions likely did not occur by chance, with a probability of 0.04.

Conclusions: These data support the premise that a vision-based strategy (ie, striping) may counteract fall risk associated with
interstep riser height and tread depth variation. Possibly, perception and action elicited through the horizontal-vertical illusion
(striping) may have a positive impact on the incidence of fall-related events in the presence of high interstep riser height and
depth variation. The findings of this study suggest that contrast enhancement (ie, striping) may be a simple and effective way to
reduce therisk of fallsassociated with interstep variation, highlighting the potential for this approach to make a significant impact
on fall prevention efforts.

(Interact J Med Res 2025;14:e60622) doi: 10.2196/60622
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Introduction

When approaching a stairway, stair users seemingly anticipate
uniformity in the step riser height and tread depth [1,2].
However, this assumption may lead to fewer attentional
resources being all ocated to estimating these metrics, potentially
compromising the safe negotiation of the stairway.
Unfortunately, interstep riser height and tread depth variations
are common. Often described as dimensional uniformity in
building code, stair riser heights and tread depths shall be of
uniform size and shape. The tolerance between the largest and
smallest riser height, or tread depth, shall not exceed 3/8 inch
in any flight of stairs. In our investigation, the range of
dimension uniformity is referred to as interstep variation.
Interstep variations, as small as 6 mm, between adjacent stair
risers or treads can disrupt step cadence and increase the risk
of accidents or falls [3]. One strategy to mitigate this risk
involves applying ahorizontal-vertical illusion and black stripes
to the top front edge of each step, which could potentially
decrease the frequency of dips, trips, and falls [4-6]. Recent
research has demonstrated that adding a high-contrast stripe
along the top front edge of each step [4,7-11] can lead to
increases in heel clearance above the step. Similarly, adding
vertical monochrome striping to the faces of the bottom and top
steps can also enhance vertical foot clearance [4,5,12,13].

Although the exact mechanism behind these interventions is
not fully understood, it is possiblethat they increase step height
by drawing more attention to each step’sedge[ 7] or by creating
a horizontal-vertical illusion, which makes the steps appear
taller than they actually are [14,15]. Ultimately, either
mechanism may decrease the likelihood of a dip, trip, or fall
on dtairs with high interstep variation. We, therefore,
hypothesized that when comparing 2 flights of stairswith similar
interstep variability, the stairswith vertical monochrome striping
and tread edge highlighters would record fewer fall-related
events than stairs without this intervention. In addition, stairs
with greater interstep variation in riser heights and tread depths
would generally record morefall-related eventsthan stairswith
less interstep riser height and tread depth variability, but this
effect would be lessened with the addition of monochrome
striping and tread edge highlighters.

To test our hypotheses, we estimated the probability of
observing a range of fall-related event distributions that could
plausibly occur by chance, given our hypotheses [high or low
interstep riser height and tread depth variations and control or
striping intervention conditions]. We codified our hypotheses
in a Monte Carlo simulation using 4 constraints based on our
hypotheses. First, there would be more fall-related events on
control flights of stairs (without the contrast intervention) with
greater interstep variation than those with lower interstep
variation. Second, both control and intervention (with the
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contrast enhancement) flights of stairs with low interstep
variation should observe acomparable frequency of fall-related
events (ie, adifference of lessthan 2 fall-related events between
conditions). Third, fewer (lessthan or equal to half the number
of) fall-related events should be observed with high interstep
variation intervention stairs compared with the high interstep
variation control stairs. Finally, the relative difference in
fall-related events between high and low interstep variation stair
flights in the control condition should be greater than on the
intervention flights.

Methods

Participants

This cross-sectional study took place on 2 public stairways on
the Utah State University campus. Video capture occurred on
public stairways, and most stair users appeared to be young
adults.

As previously discussed, 11,137 individua stair user
observations were coded and balanced across the stairway
conditions (control and intervention) and stairways (East and
West) [16]. There were 7458 (66.97%) feminine observations
and 3679 (33.03%) masculine observations, where most
observations (n=10,970, 98.5%) werein the age group of 18-40
years. Additional participant details were described previously
[6]. Given the observational nature of this study in a public
space, no screening was performed in advance. Eligibility
criteriawere as follows: (1) inclusion—visually appearing 18
years of age and older, captured within local time (eg, 7 AM-5
PM) and (2) exclusion—use of assistive walking devices (eg,
crutches and walking boots), individualsthat did not transverse
the stairs, or involved unusual stairway behavior, as described
by Harper et a [6] were documented and removed during the
data cleaning phase.

Protocol

High-resolution security cameras (8 megapixels, 4K UltraHD,
3840%2160 resolution at 7 frames per second, Lorex cameras
[Lorex Technology Inc]) were placed in the stairwaysto record
stair users' behavior.

Intervention

High-contrast black vinyl film (Gerber High-Performance Series
220 vinyl film [Gerber Technology]) stripes (5.5 cm wide,
0.063-0.09 mm thick) were applied flush to the top front edge
of each stair [4,9,12]. A total of 19 black-and-white vertical
vinyl stripes (12 cycles/1 meter) were placed on the very bottom
and top steps’ faces[4,9,12].

Figure 1 [6] depictsthe combined striping intervention. Stairway
interstep riser height and depth variations were measured across
every step, from the middle part of the step (Figure 2) [6].
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Figure 1. Control and interventional stairway conditions. Intervention conditions are further illustrated to show step riser (face of step) and top of step
(superior view) vinyl stripes. Step riser height=step height. Stairway width=step tread depth. Vinyl striping depth. Adapted from Harper et a [6], which
is published under Creative Commons Attribution 4.0 International License [17].
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Figure 2. Real-world stairway design. East upper and lower stairway flights interstep riser height variation ranged between 5 mm and 14 mm, and
interstep depth between 4 mm and 38 mm, respectively [6]. West upper and lower stairway flights' interstep riser height variation ranged between 12
mm and 14 mm, as well as interstep tread depth variation of 6 mm and 38 mm respectively, are shown [6]. Adapted from Harper et a [6], which is
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published under Creative Commons Attribution 4.0 International License [17].

East stairway

Upper flight
Interstep riser height variation: 5 mm
Interstep riser width variation: 4 mm

Lower flight
Interstep riser height variation: 14 mm
Interstep riser width variation: 38 mm

West stairway

Upper flight
Interstep riser height variation: 12 mm
Interstep riser width variation: 6 mm

Lower flight
Interstep riser height variation: 14 mm
Interstep riser width variation: 38 mm

In total, 48 steps were observed across 4 flights of stairs. The
control stairway was unatered and used to compare with the
intervention stairway. Halfway through data collection, the
intervention  (striped) and control stairways were
counterbal anced.

M easures

Each outcome variable was assessed by stairway location (East
and West) and condition (intervention and control), as well as
by stairway flight (lower and upper; Figure 3).

Intotal, 4 assumptions were used to code our hypotheses based
on our a priori knowledge of the total number of fall-related
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events recorded (n=20): (1) the number of fall-related events
high interstep variations, control condition>low interstep
variations, control condition; (2) the difference between low
interstep variations, stripe intervention and low interstep
variations, control condition <2 fall-related events; (3) the
number of fallsin high interstep variations, control condition
will be>2 times of high interstep variations stripe intervention;
and (4) the difference between low interstep variations, control
condition and high interstep variations, control condition > the
difference between low interstep variations, stripe intervention
and high interstep variations stripe intervention. The probability
of adistribution meeting these assumptions occurring by chance
is approximately 0.04 with a sample size of 20.
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Figure 3. The probability of observing a range of distributions of fall-related events. The following assumptions evaluated the observed fall-related
event distribution. HC: high interstep variations, control condition; HS: high interstep variations stripeintervention; LC: low interstep variations, control

condition; LS: low interstep variations, stripe intervention.
Control

variation

LC

Low interstep

2 Fall-related events

Stripe/Intervention

2 Fall-related events
LS

High interstep
variation

Data Sources

We coded stair users' navigation direction (ascent and descent)
and the presence of afall-related event. Asdescribed previoudly,
a fall-related event was coded if an observed stair user
experienced a relatively subtle trip or dip, with minimal
recovery action, through a complete loss in balance, resulting
in afall [6]. If afall-related event occurred, the stairway and
step number (starting from the bottom to the top) were recorded.
To assess research bias or intercoder reliability, each week, one
of the researchers would randomly select and evaluate 10% of
the data collected for that week. If an error was present, asecond
coder reviewed all datarecorded by thefirst coder for the week
in question, and the second coder made a determination on the
final coding record [6]. Data were encoded using Microsoft
Excel.

Statistical Analysis

Data are presented as mean (SD) as well as count (percentage)
of observed results. The distribution of fall-related events was
assessed across stairway flights (interstep variations) and
conditions (control and intervention) using a0.5-inch threshold
(approximately 13 mm), given that 75% (80/101) of stair
accidents occurred in stairways with interstep riser height
variations of =0.5inch [18]. A Monte Carlo simulationin Julia
[19] was used to estimate the probability of observing the
distribution of fall-related events defined by our hypotheses by
chance. Specifically, 10,000 samples (observations) of 20
fall-related events (refer to the Results section) were drawn with
0.25 probability from each condition to determine the probability
of observing a distribution with the constraints outlined by the
hypotheses through a computerized Monte Carlo simulation
[20,21].

Ethical Considerations

Ethical approval was obtained from the institutional review
board of Utah State University (10773). As an observational
study, participants did not give written consent. Given the
observational nature, participants were not compensated to
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13 Fall-related events
HC

3 Fall-related events
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participate. The video recordingsweretaken in apublic setting,
and only the approved research team had access to the
identifiable data. Therefore, our video data are not available as
supplementary material.

Results

Individuals who had any visible health-related conditions (eg,
crutches and walking boots) were documented and removed
before analysis. In addition, those who visually appeared under
the age of 18 years were documented and removed before
analysis. All stepswere measured at the center of the steps. The
average of the East and West stairways combined was 168 (SD
4) mm, with the average riser height of the West stairway steps
being 171 (SD 3) mm, and the East stairway being 166 (SD 3)
mm, independently. The average step tread depth for the East
and West stairways was 328 (SD 8) mm, the average depth of
the West stairway steps was 327 (SD 8) mm and the Easy
stairway was 329 (SD 8) mm.

Of 20 observed fal-related events, 80% (n=16) of events were
observed on the flights where interstep variations were the
greatest (riser height ranged 14 mm and tread depth ranged 38
mm). In comparison, 4 of 20 fall-related events were observed
on flightswith lower interstep variation. Between East and West
stairways, 7 of 20 (35%) fall-related events occurred on steps
that had step riser heights greater than 1 SD from their mean
including 2 fall-related events that occurred on the first step
while ascending (step riser height=170 mm,; flight mean 166,
SD 3 mm), 3 events on the last step while descending the East,
lower stairway (height=155 mm; mean 166, SD 3 mm), 1 event
on the last step while ascending the East, upper stairway
(height=170 mm; mean 166, SD 3 mm), and 1 event on the
second-to-last step while ascending the West, lower stairway
(height=173 mm; mean 171, SD 4 mm).

A total of 20 fall-related eventswererecorded. On flightswhere
interstep riser height variation ranged 14 mm and step depth
variation ranged 38 mm, 13 of 16 (81%) fall-related events
occurred on the control stairway condition (no striping),
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compared with 3 of 16 (19%) on the striped intervention
stairway. Finally, 2 fall-related events were observed for low
interstep variation with no striping, and 2 fall-related events
were observed during low interstep variation with striping.

The estimated probability of observing data that fit the range
of distributions constrained by our hypotheses and using a
sample size of 20 fall-related events, was approximately 0.04
(Figure 3). Thisresult suggeststhat (1) interstep variations may
be contributing to falls and (2) adding a striping intervention to
the stairs may reduce the impact of interstep variations on
fall-related events.

Discussion

Principal Results

We sought to assess the impact of interstep riser height and
tread depth variations on fall-related events (eg, dlips, trips, or
falls) occurring on stairways to determine if fall risk increases
with greater interstep variations but is reduced by adding
high-contrast striping. The lower flights of stairs, which had
interstep riser height variationsthat ranged 14 mm and interstep
depth variationsthat ranged 38 mm, accounted for 80% (16/20)
of the observed fall-related events, supporting the notion that
stairways with greater interstep variations may be associated
with a greater risk of fall-related events. Furthermore, 35%
(7/20) of fall-related events were observed on steps where
interstep riser height variation was greater than 1 SD from the
flight mean. Together, these results suggest that flights of stairs
with greater interstep riser height variation exhibit more
fall-related events than flights with lower interstep variation.
When high-contrast striping was added to flights of stairs with
high interstep variation, there were fewer fall-related events
observed over asimilar time period (3/20 fall-related eventsin
the intervention vs 13/20 fall-related events in the control
condition). This result suggests the addition of high-contrast
striping to stair flightswith high interstep variation may reduce
the number of fall-related events resulting from interstep
variation.

Comparison With Previous Wor k

Interstep Variations I ncrease Fall Risk

Interstep variations on stairways can have a profound negative
impact on fall risk. Even minor interstep variations, such as a
6 mm variance in riser height [3], can disrupt step cadence and
increase the likelihood of a fall, as can interstep variation in
tread depth. Furthermore, a review of 80 stairway falls from
1992 to 2007 found that 60% (48/80) of riser height and 34%
(27/80) of interstep depth variation were greater than 3/8 inch
in a study by Cohen et al [7], and greater (3/8 inch compared
with 0.5 inch) interstep variation that can disrupt cadence [3].
Francksen et al [22] found that adults could adjust their stepping
behavior for increases in depth, but they could not adjust for
interstep riser height variation over 10 mm. Stair-related fall
injuries are also more commonly associated with interstep riser
height variation than interstep tread depth variation [7].
Alternatively, the greater association of fallswith interstep riser
height variation could be due to the increased frequency of
observing interstep riser heights compared with tread depth
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variations (eg, > 3/8 inchis observed more oftenin riser heights
[48/80, 60%] than tread depths[27/80, 34%)]) [7]. Nevertheless,
additional research is needed to explore the extent and impact
of interstep variation on stair-related falls. In this study, we
observed that 80% (16/20) of fall-related events on stairs
occurred when the interstep riser height variation was 14 mm
and depth was 38 mm. Since interstep riser height and depth
variations were both present in our observational design, we
are unable to distinguish which of these factors may have had
agreater role.

The I ntervention Was Associated With Reduced
Fall-Related Events With I nterstep Variation

Broadly, our findings indicate that greater interstep variations
are associated with anincreased frequency of fall-related events.
Importantly, thefrequency of thesefall-related events decreased
when theintervention was present. Our data suggest that adding
high-contrast stripes may reduce fall-related events on stairs
when large interstep variations are present. Of the 20 fall-related
events observed, 16 were on the flights of stairs with larger
interstep variation, but only 19% (3/16) occurred when the
intervention was present, whereas 81% (13/16) occurred when
the intervention was absent.

Mechanisms Contributing to the Reduction in
Fall-Related Events

The intervention may induce a horizontal-vertical illusion by
theintervention. This occurswhen horizontal and vertical lines
of similar length are presented together (like the letter “T"),
which resultsin anillusory sense that the vertical lineislonger
than the horizontal one. The intervention used in this study
included black vinyl stripes applied to each step’stop front edge
and black-and-white vertical stripes on the face of thefirst and
last steps. Together, the abutting edges of the combined striping
that formed “T”-like configurations could have contributed to
anincreased perceived step riser height [14], resulting in greater
step heights. Indeed, previous research suggests that under
similar experimental conditions, perceived step height is
increased and is associated with an increase in the height of the
step taken [12,13,15]. In further support for this mechanism,
the horizontal-vertical illusion effect is reduced when only edge
highlighters are present [13], suggesting that the vertical lines
contribute to the increased step height and, perhaps, that the
horizontal-vertical illusion isaprimary mechanism contributing
to the reduction in fall-related events we observed with the
intervention. It is also possible that other intervention formats,
such as those that could induce the Miiller-Lyer illusion [23],
could reducefall-related events. The Mller-Lyer illusion occurs
when the perceived length of a line is influenced by the
orientation of arrow-like segments attached to its ends. Lines
of the same length appear shorter or longer depending on
whether the arrowheads at the ends point inward or outward.
By manipulating the direction of the fins at the end of thelines,
perhaps step height could be increased or decreased depending
on the particular interstep variation. Recent outdoor
observational research suggests that greater vertical foot
clearance occurs when a “fins out” configuration is applied to
a 2-step stairway [24], which is the illusion’s expected effect.
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Future research could examine whether a“finsin” configuration
reduces step height.

By accentuating the steps’ edges, the intervention may draw
attention to them, thereby enhancing the accuracy with which
stair users can estimate the dimensions of each step and then
compensate for irregularities. Future research could investigate
whether the presence of striping increases awareness of interstep
variation, thereby evaluating this potential mechanism. In
addition, the novelty of the intervention itself may have drawn
attention to the stairs. Schomaker and Meeter [25] suggest that
novel visual stimuli, such asachangein contrast, may increase
attention to the stairs [26]. It is worth noting that the striping
intervention was installed several days before data collection
began. It is likely that some stair users had exposure to the
striping before the start of video recording and this early
exposure could have reduced the novelty of the striping effect
before data collection, thus reducing the drawing effect. We
also expect that this effect would have worn off over time as
many of the observed stair users traverse the stairs frequently
due to regular classesin the building.

What Should Be Done About Excessive | nterstep
Variations

Maybe the most important challenge associated with observing
increased fall-related events with greater interstep variationsis
what to do about it. Is the risk of falls sufficient to warrant
widespread evaluation and enforcement of building codes?
Although we do not provide recommendations here, conducting
assessments, enforcing regulations during construction, and
evaluating older stairways (likely to exhibit the greatest interstep
variation) may reduce fall-related events, especially when
considering cost-effectiveness. For older stairways, as used in
this study (built in 1971, and at the time of construction, the
1967 Uniform Building Code [ Sec 3305 (d)] that was in place
in the United States required the maximum interstep variation
in riser height and tread depth to be no more than 3/16 inch),
adding an intervention like painting stripes might be the most
cost-effective way (an estimated US $288 for the high-contrast
striping used here) to reduce the impact of interstep variations
(assuming the application or material s used to apply the striping
do not themselvesincreasefall risk through reduced or increased
friction, or materials peeling). While increased interstep
variation is associated with a greater risk of fall-related events,
there are cost-effective interventions that can help reduce this
risk. By enforcing building codes and evaluating stairways for
interstep variation, we can work toward creating safer
environments for everyone.

Harper et a

Limitations

While these results are promising, we acknowledge severa
limitations of this study. Even with over 10,000 observations,
weonly observed 20 fall-related events. A larger sample of falls
would provide a more precise estimate of the differences
between flights of stairsand strengthen theinferencesthat could
be drawn from these data. Since most of the observationsin this
study were younger adults, futurework should consider targeting
older or clinical populations (eg, those with visual impairment
and mobility-related limitations) to determine if such an
intervention could reduce fall-related events. However, future
designswill need to consider comparing historical fal frequency
records to future intervention fall frequencies rather than using
a control condition if it could pose a fal risk to these
populations. Furthermore, we did not include Cohen K, as a
measure of interrater reliability. In addition, the lack of a
validated questionnaire, such as Yang et al [27], are methodical
limitations and should beincluded in future studies. In addition,
given the emphasis on younger adults in this study, it is
unknown whether the striping intervention’s impact is greater
inyounger versusolder adults. Finally, since the steps used here
had interstep variations in both riser heights and tread depths,
future observational designs could assess these 2 factors
independently to determine the impact of each on fall risk.

Future Directions

Given the considerable negativeimpact of fallson public health,
continued research is necessary to improve safety on stairways.
In addition, programs, such as educational campaigns, could be
used to raise awareness of factors that contribute to falls [28]
and perhaps to help motivate small actions, such as painting
stripes on problematic stairways that could have a big impact
on public health and provides support for scaling up effective
public hedlth interventions for long-term population health
benefits.

Conclusions

This study highlights the importance of addressing interstep
variations in stairways to reduce the risk of fall-related events.
By understanding the factors that contribute to fall risk and
implementing cost-eff ective interventions, we can work toward
creating safer environments for everyone. The findings of this
study suggest that contrast enhancement (ie, striping) may be
asimple and effective way to reduce therisk of falls associated
with interstep variations, highlighting the potential for this
approach to make asignificant impact on fall prevention efforts.

Acknowledgments

We would like to thank Christopher Long, Samantha Corbridge, Alex Braeger, Brevin J. Zollinger, Kenneth Harrison, Travis
Boman, Amy Hale, Emmalee Rolfe, McKay Wilding, Erika Larson for their assistance in data coding.

This work was supported by the Utah State University Undergraduate Research and Creative Opportunity Award (2020).

Data Availability

The datasets generated during and/or analyzed during this study are not publicly available since the video dataare not deidentified.

https://www.i-jmr.org/2025/1/e60622

Interact JMed Res 2025 | vol. 14 | e60622 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Harper et a

Conflictsof Interest
None declared.

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ArcheaJ, Collins BL, Stahl FI. Guidelines for stair safety, Building Science Series, National Institute of Standards and
Technology, Gaithersburg, MD; 1979. May 1979. URL: https.//doi.org/10.6028/Nbs.bss.120 [accessed 2024-10-03]
Nemire K, Johnson DA, Vidal K. The science behind codes and standards for safe walkways: changesin level, stairways,
stair handrails and slip resistance. Appl Ergon. Jan 2016;52:309-316. [doi: 10.1016/j.apergo.2015.07.021] [Medline:
26360223]

Templer J. The Staircase. Second Edition. Cambridge. Massachusetts I nstitute of Technology; 1992.

Elliott DB, Foster RJ, Whitaker D, Scally AJ, Buckley JG. Analysis of lower limb movement to determine the effect of
manipulating the appearance of stairs to improve safety: A linked series of |aboratory-based, repeated measures studies.
In: Public Health Research. Southampton (UK). NIHR Journals Library; 2015.

Elliott DB, Vale A, Whitaker D, Buckley JG. Does my step look big in this? A visual illusion leads to safer stepping
behaviour. PL0oS One. 2009;4(2):e4577. [FREE Full text] [doi: 10.1371/journal.pone.0004577] [Medline: 19240790]
Harper SA, Long C, Corbridge S, Barrett TS, Braeger A, Zollinger BJ, et al. Stairway visual contrast enhancement to reduce
fall related events. Journal of Ergonomics. 2022;12(303). [doi: 10.35248/2165-7556-22.12.303]

Cohen J, LaRue CA, Cohen HH. Stairway fallsan ergonomicsanalysis of 80 cases. Professional Safety. 2009;54(1). [FREE
Full text]

den Brinker BPLM, Burgman LJ, Hogervorst SMJ, Reehorst SE, Kromhout S, van der Windt J. The effect of high-contrast
marking of treads on the descent of stairways by |ow-vision people. International Congress Series. Sep 2005;1282(9):502-506.
[doi: 10.1016/j.ics.2005.05.165]

Foster RJ, Hotchkiss J, Buckley JG, Elliott DB. Safety on stairs: influence of atread edge highlighter and its position. Exp
Gerontol. Jul 2014;55:152-158. [FREE Full text] [doi: 10.1016/j.exger.2014.04.009] [Medline: 24768822]

Thomas NM, Skervin TK, Foster RJ, Parr JV, Carpenter MG, O'Brien TD, et a. Influence of step-surface visual properties
on confidence, anxiety, dynamic stability, and gaze behaviour in young and older adults. Hum Mov Sci. Jun 2021;77:102774.
[doi: 10.1016/j.humov.2021.102774] [Medline: 33676032]

Zietz D, Johannsen L, Hollands M. Stepping characteristics and Centre of Mass control during stair descent: Effects of age,
fall risk and visud factors. Gait Posture. Jun 2011;34(2):279-284. [doi: 10.1016/].gaitpost.2011.05.017] [Medline: 21680187]
Foster RJ, Whitaker D, Scally AJ, Buckley JG, Elliott DB. What you seeis what you step: the horizontal-vertical illusion
increases toe clearance in older adults during stair ascent. Invest Ophthalmol Vis Sci. May 2015;56(5):2950-2957. [doi:
10.1167/iovs.14-16018] [Medline: 26024081]

Skervin TK, Thomas NM, Schofield AJ, Hollands MA, Maganaris CN, Foster RJ. The next step in optimising the stair
horizontal-vertical illusion: Does a perception-action link exist in older adults? Experimental Gerontology. Jul
2021;149:111309. [doi: 10.1016/j.exger.2021.111309] [Medline: 33716111]

Schofield AJ. Second-order texture gratings produce overestimation of height in depictions of rectangles and steps. Vision
Res. Nov 2022;200:108101. [FREE Full text] [doi: 10.1016/j.visres.2022.108101] [Medline: 35908371]

Skervin TK, Thomas NM, Schofield AJ, Hollands MA, Maganaris CN, O'Brien TD, et al. Using a stair horizontal-vertical
illusion to increase foot clearance over an inconsistently taller stair-riser. PLoS One. 2021;16(9):e0257159. [FREE Full
text] [doi: 10.1371/journal.pone.0257159] [Medline: 34520496]

Brown CB, Barrett TS, Long C, Corbridge S, Braeger A, Zollinger BJ, et a. Step edge highlightersand illuminance changes
influence stair descent in areal-world setting. Ergonomics. Nov 04, 2022;66(9):1219-1228. [doi:
10.1080/00140139.2022.2141347] [Medline: 36314061]

Attribution 4.0 International (CCBY 4.0). Creative Commons. URL: https.//creativecommons.org/licenses/by/4.0/ [accessed
2025-01-03]

Miller JA, Esmay ML. Nature and causes of stairway fall. 1961. URL: https://elibrary.asabe.org/abstract.
asp?aid=41024& t=2& redir=& redirType= [accessed 2024-12-03]

Bezanson J, Edelman A, Karpinski S, Shah VB. Julia: A Fresh Approach to Numerical Computing. SIAM Rev. Jan
2017;59(1):65-98. [doi: 10.1137/141000671]

Kroese DP, Brereton T, Taimre T, Botev ZI. Why the Monte Carlo method is so important today. WIREs Computational
Stats. Jun 20, 2014;6(6):386-392. [doi: 10.1002/wics.1314]

Mundform DJ, Schaffer J, Kim M-J, Shaw D, Thongteeraparp A, Supawan P. Number of Replications Required in Monte
Carlo Simulation Studies: A Synthesis of Four Studies. J. Mod. App. Stat. Meth. May 01, 2011;10(1):19-28. [FREE Full
text] [doi: 10.22237/jmasm/1304222580]

Francksen NC, Ackermans TMA, Holzer D, Ebner SA, Maganaris CN, Hollands MA, et al. Negotiating stairs with an
inconsistent riser: Implicationsfor stepping safety. Appl Ergon. Sep 2020;87:103131. [doi: 10.1016/j.apergo.2020.103131]
[Medline: 32501252]

https://www.i-jmr.org/2025/1/e60622 Interact JMed Res 2025 | vol. 14 | e60622 | p. 7

(page number not for citation purposes)


https://doi.org/10.6028/Nbs.bss.120
http://dx.doi.org/10.1016/j.apergo.2015.07.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26360223&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0004577
http://dx.doi.org/10.1371/journal.pone.0004577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19240790&dopt=Abstract
http://dx.doi.org/10.35248/2165-7556-22.12.303
https://onepetro.org/PS/article-abstract/33121/Stairway-Falls-An-Ergonomics-Analysis-of-80-Cases?redirectedFrom=fulltext
https://onepetro.org/PS/article-abstract/33121/Stairway-Falls-An-Ergonomics-Analysis-of-80-Cases?redirectedFrom=fulltext
http://dx.doi.org/10.1016/j.ics.2005.05.165
https://linkinghub.elsevier.com/retrieve/pii/S0531-5565(14)00130-2
http://dx.doi.org/10.1016/j.exger.2014.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24768822&dopt=Abstract
http://dx.doi.org/10.1016/j.humov.2021.102774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33676032&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2011.05.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21680187&dopt=Abstract
http://dx.doi.org/10.1167/iovs.14-16018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26024081&dopt=Abstract
http://dx.doi.org/10.1016/j.exger.2021.111309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33716111&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0042-6989(22)00107-9
http://dx.doi.org/10.1016/j.visres.2022.108101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35908371&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0257159
https://dx.plos.org/10.1371/journal.pone.0257159
http://dx.doi.org/10.1371/journal.pone.0257159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34520496&dopt=Abstract
http://dx.doi.org/10.1080/00140139.2022.2141347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36314061&dopt=Abstract
https://creativecommons.org/licenses/by/4.0/
https://elibrary.asabe.org/abstract.asp?aid=41024&t=2&redir=&redirType=
https://elibrary.asabe.org/abstract.asp?aid=41024&t=2&redir=&redirType=
http://dx.doi.org/10.1137/141000671
http://dx.doi.org/10.1002/wics.1314
https://jmasm.com/index.php/jmasm/article/view/520/522
https://jmasm.com/index.php/jmasm/article/view/520/522
http://dx.doi.org/10.22237/jmasm/1304222580
http://dx.doi.org/10.1016/j.apergo.2020.103131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32501252&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Harper et a

23.

24,

25.

26.

27.

28.

Miiller-Lyer FC. Optische urteilstauschungen. Archiv fur anatomie und physiologie. Physiol ogische Abteilung.
1889;2:263-270. [FREE Full text]

Shim J, Sims B, Hudnall JT, Rylander J. The effects of Mller-Lyer illusion on toe clearance height in stair ascent. Gait &
Posture. Oct 2022;98:78-84. [doi: 10.1016/j.gaitpost.2022.08.019] [Medline: 36063571]

Schomaker J, Meeter M. Novelty Enhances Visual Perception. PLoS ONE. Dec 5, 2012;7(12):e50599. [EREE Full text]
[doi: 10.1371/journal.pone.0050599] [Medline: 23227190]

Weissgerber TL, Milic NM, Winham SJ, Garovic VD. Beyond bar and line graphs: time for a new data presentation
paradigm. PLoSBiol. Apr 2015;13(4):€1002128. [FREE Full text] [doi: 10.1371/journal.pbio.1002128] [Medline: 25901488]
Yang Y, Feldman F, Leung PM, Scott V, Robinovitch SN. Agreement between video footage and fall incident reports on
the circumstances of fallsin long-term care. JAm Med Dir Assoc. May 01, 2015;16(5):388-394. [doi:
10.1016/j.jamda.2014.12.003] [Medline: 25669670]

Harper SA, Corbridge S, Long C, Barrett TS, Braeger A, Zollinger BJ, et al. Safe stairway negotiation: Role of distractions
and handrail use. J Safety Res. Sep 2022;82:314-322. [doi: 10.1016/].js.2022.06.007] [Medline: 36031259]

Edited by T de Azevedo Cardoso; submitted 16.05.24; peer-reviewed by S Rietdyk, A Gebre; comments to author 17.09.24; revised
version received 28.09.24; accepted 21.11.24; published 08.01.25

Please cite as:

Harper SA, Brown C, Poulsen S, Barrett TS, Dakin CJ

Interstep Variations of Stairways and Associations of High-Contrast Sriping and Fall-Related Events: Observational Sudy
Interact J Med Res 2025; 14: 60622

URL: https://mwww.i-jmr.org/2025/1/e60622

doi: 10.2196/60622

PMID:

©Sara A Harper, Chayston Brown, Shandon L Poulsen, Tyson S Barrett, Christopher J Dakin. Originaly published in the
Interactive Journal of Medical Research (https.//www.i-jmr.org/), 08.01.2025. This is an open-access article distributed under
theterms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Interactive Journal of Medical
Research, is properly cited. The complete bibliographic information, alink to the original publication on https.//www.i-jmr.org/,
aswell asthis copyright and license information must be included.

https://www.i-jmr.org/2025/1/e60622 Interact JMed Res 2025 | vol. 14 | e60622 | p. 8

RenderX

(page number not for citation purposes)


https://www.biodiversitylibrary.org/page/35372625#page/275/mode/1up
http://dx.doi.org/10.1016/j.gaitpost.2022.08.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36063571&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0050599
http://dx.doi.org/10.1371/journal.pone.0050599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23227190&dopt=Abstract
https://dx.plos.org/10.1371/journal.pbio.1002128
http://dx.doi.org/10.1371/journal.pbio.1002128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25901488&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2014.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25669670&dopt=Abstract
http://dx.doi.org/10.1016/j.jsr.2022.06.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36031259&dopt=Abstract
https://www.i-jmr.org/2025/1/e60622
http://dx.doi.org/10.2196/60622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

