Volume 53, Number 6, 2016

Pages 933-944

JRRD

Foot clearance and variability in mono- and multifocal intraocular lens

users during stair navigation

Erik Renz, BS;1 Madeleine E. Hackney, PhD;Z* Courtney D. Hall, PT, PhD?

! Georgia Institute of Technology, Atlanta, GA; °Atlanta Department of Veterans Affairs (VA) Medical Center, Rehabili-
tation Research and Development Center, Decatur, GA; Birmingham/Atlanta VA Geriatric Research, Education and
Clinical Center, Decatur, GA,; and Department of Medicine, Division of General Medicine and Geriatrics, Emory Uni-
versity School of Medicine, Atlanta, GA; 3Audit07y and Vestibular Dysfunction Research Enhancement Award Pro-
gram, James H. Quillen VA Medical Center, Mountain Home, TN, and Department of Physical Therapy, East

Tennessee State University, Johnson City, TN

Abstract—Intraocular lenses (IOLs) provide distance and near
refraction and are becoming the standard for cataract surgery.
Multifocal glasses increase the variability of toe clearance in
older adults navigating stairs and increase fall risk; however,
little is known about the biomechanics of stair navigation in
individuals with multifocal 10Ls. This study compared clear-
ance while ascending and descending stairs in individuals with
monofocal versus multifocal IOLs. Eight participants with
multifocal IOLs (4 men, 4 women; mean age = 66.5 yr, stan-
dard deviation [SD] = 6.26) and fifteen male participants with
monofocal 10Ls (mean age = 69.9 yr, SD = 6.9) underwent
vision and mobility testing. Motion analysis recorded kine-
matic and custom software-calculated clearances in three-
dimensional space. No significant differences were found
between groups on minimum clearance or variability. Clear-
ance differed for ascending versus descending stairs: the first
step onto the stair had the greatest toe clearance during ascent,
whereas the final step to the floor had the greatest heel clear-
ance during descent. This preliminary study indicates that mul-
tifocal 10Ls have similar biomechanic characteristics to
monofocal I0Ls. Given that step characteristics are related to
fall risk, we can speculate that multifocal 10Ls carry no addi-
tional fall risk.

Key words: balance, biomechanics, fall risk, foot clearance,
intraocular lenses, monofocal, motion analysis, multifocal,
older adults, stair negotiation, vision, visual impairment.
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INTRODUCTION

Many older adults experience declining visual func-
tion and need assistive technology (e.g., bifocal specta-
cles or surgical procedures such as intraocular lenses
[IOLs]) to see adequately. While monofocal 10Ls often
correct distance-vision—related impairments, more than
85 percent of recipients also need bifocal glasses to cor-
rect intermediate and near vision [1-2]. However, bifocals
can impair visual detection of obstacles located on the
floor or lower level because of impaired depth perception
and contrast sensitivity [3]. This impairment is pronounced

Abbreviations: ETDRS = Early Testing Diabetic Retinopathy
Study, IOL = intraocular lens, LHEE = left heel, LTOE = left
toe, RHEE = right heel, RMANOVA = repeated-measures anal-
ysis of variance, RTOE = right toe, SD = standard deviation,
SOT = Sensory Organization Test, VA = Department of Veter-
ans Affairs, VAMC = VA medical center.
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when potential hazards are viewed from intermediate dis-
tances (30-80 c¢cm) [4], such as during stair navigation;
therefore, bifocals are considered a fall risk factor in
older adults that could lead to injury [3,5-6]. Stair falls
are responsible for 10 percent of fatal fall accidents [7].
Factors contributing to fall risk and incidence in older
adults while ascending and descending stairs include
reduced ability to generate high eccentric torque at the
ankle in the leading limb [8], highly variable levels of
minimum foot clearance [9-14], and extremely low (i.e.,
close to the stair) foot clearance [15].

Traversing stairs involves an alternation of obstacle
perception in and then out of the visual field. Visual
information related to stair properties (i.e., stair edges) is
crucial for stair negotiation. Older and young adult indi-
viduals visually fixate on future stepping locations
90 percent of the time for stair ascent and 75 to 90 per-
cent of the time for descent [15], with older adults fixat-
ing ahead with less variability than young adults. Though
visual information informs working memory, visual fixa-
tion is highly utilized in stair navigation. Zietz and Hol-
lands identified older adults as consistently looking 2 to
4 steps ahead during stair ascent and descent [15]. This
finding shows how crucial visual information is in navi-
gation, because it is necessary for visual information to
be accurate with respect to stair location and foot place-
ment. Some individuals employ a protective strategy and
increase their foot clearance on stairs in situations of
decreased visibility or when the individual has reduced
vision [16]. Poor vision could especially affect descend-
ing stairs, because more up to date visual information of
stair properties is needed to guide stair descent [15].
Indeed, descending stairs is particularly difficult for older
adults because there is less visual information available,
resulting in greater likelihood that the individual may
contact the stair’s edge, possibly leading to hazardous
consequences. In fact, catching the heel on the stair’s
edge is the most frequent cause of falls while descending
stairs [17]. Other potential risk factors for falls on stairs
include aging and balance impairments. Typically, non-
disabled older adults with good balance have larger and,
therefore, safer vertical and horizontal foot clearance
than more balance-impaired older adults [15].

An effective compensation for reduced vision
appears to be increasing toe clearance while ascending
stairs. For example, in young nondisabled control sub-
jects ascending stairs, maximum toe clearance increased
after diverting vision from the stair for a few seconds

prior to stepping. This increase occurred within 2 s of
looking away from a stair and initiating the step. But this
increased clearance was reduced after subjects walked up
two stairs before stepping on a stair without vision.
Retaining information with working memory about the
height and position of a stair relative to the body can be
enhanced by motor actions associated with interactions
with the object; however, information about stair height
is rapidly lost, affecting effective stair climbing [16].
Slower and older adults in particular are often not able to
benefit from their working memory of motor interaction
with stairs [16]. Vision is therefore crucial to stair naviga-
tion, especially for older adults who are very reliant on
visual input.

Multifocal 10L implants, which have zones provid-
ing multiple-focused vision at far and reading distance
and eliminate the need for bifocals in 98 percent of users
[1], could have similar effects as bifocals on vision func-
tion, with the accompanying increased fall risk [18].
Compared to monofocal counterparts, individuals with
multifocal IOLs have increased visual function at a vari-
ety of distances and light levels. But, multifocal 1OLs are
also subject to impaired depth perception and contrast
sensitivity as well as halo creation experienced with bifo-
cal glasses [10], suggesting that multifocal 10Ls may
also affect fall risk adversely.

The foot clearance biomechanics of ascending and
descending stairs in monofocal versus multifocal IOL
users has not been characterized. Such information could
be used to generalize mono- and multifocal IOLs’ effects
on older individuals’ ability to navigate in a complex
environment. We aimed to determine whether there are
(1) differences between monofocal and multifocal 10L
users in minimum and maximum toe clearance (while
ascending) and heel clearance (while descending) and (2)
differences in the variability of foot clearance between
mono- and multifocal IOL users. We hypothesized that
individuals with multifocal 10Ls would exhibit greater
minimum toe and heel clearance and greater variability.

METHODS

Participants

All participants provided informed consent in accor-
dance with the Atlanta Department of Veterans Affairs
(VA) Medical Center (VAMC) Research and Development
Committee and Emory University Institutional Review
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Board, and the study adhered to the tenets of the Declara-
tion of Helsinki. Twenty-four older individuals were
recruited for the study. Eight participants (4 women, 4
men; mean age = 66.5 yr, standard deviation [SD] = 6.26)
had undergone bilateral implantation with a multifocal
IOL (ReSTOR IOL, Alcon Research, Ltd; Fort Worth,
Texas), and 16 participants (16 men; mean age = 69.13 yr,
SD = 7.32) had undergone implantation with a conven-
tional, monofocal IOL (ACRYSOF SA 60; Alcon
Research, Ltd). One participant in the monofocal group
had fewer than two trials of clearance data and was
therefore excluded from analysis, resulting in a cohort of
15 participants for the monofocal 10L group (15 men;
mean age = 69.9 yr, SD = 6.9). The monofocal 10L par-
ticipants were recruited from the Eye Clinic at the
Atlanta VAMC, and the multifocal 10L participants were
recruited from the Eye Clinic at the Emory Eye Center.
Further eligibility criteria included uncomplicated bilat-
eral cataract extraction with implantation of an IOL 6 mo
to 1 yr before participation, <1.0 diopter of corneal astig-
matism, no other ocular pathology, the ability to ambu-
late household distances without assistance, and no
progressive neurological disorder.

Materials and Procedures

All participants completed one 2 to 3 h study visit to
the Atlanta VAMC. Participants completed question-
naires to assess general health, number of falls in past
year, balance-related confidence, and quality of life. All
participants completed a battery of binocular vision, bal-
ance, and mobility tests. Participants were asked to wear
any prescribed corrective spectacles (e.g., bifocals) for all
visual tests. The following measures were taken to char-
acterize the sample.

Balance Confidence

Balance confidence was measured with the Activi-
ties-Specific Balance Confidence scale [19]. Subjects
completed a 16-item questionnaire regarding their confi-
dence in performing 16 different everyday activities (e.g.,
walking around in their house or up and down stairs)
without losing their balance or becoming unsteady. The
scale ranged from O to 100 percent: O percent repre-
sented “no confidence,” and 100 percent represented
“completely confident.” An overall average balance con-
fidence score was calculated for each participant.

RENZ et al. Foot clearance and variability of IOL users on stairs

Static Balance

Standard measures of balance were recorded using
the Sensory Organization Test (SOT) on the NeuroCom
Equitest System (Natus Medical Inc; Pleasanton, Califor-
nia). The SOT assesses the use of sensory information for
balance by measuring postural sway under conditions in
which visual and somatosensory feedback is altered. The
SOT is organized into a series of six conditions of
increasing difficulty. The first three conditions involve a
stable support surface with eyes open (condition 1) or
eyes closed (condition 2) and sway-referenced visual sur-
round (condition 3), and the last three involve a sway-
referenced surface with eyes open (condition 4) or eyes
closed (condition 5) and sway-referenced visual surround
(condition 6). SOT composite score was the variable of
interest. It is a weighted average of the six conditions and
has good validity and reliability [20].

Comfortable Gait Speed

Comfortable gait speed was determined by instruct-
ing participants to walk at their normal pace over a 9 m
pathway. The time to walk the middle 6 m was measured
using a stopwatch, and gait speed was calculated.

Vision Tests

Vision tests included acuity, contrast sensitivity, and
depth perception. If participants reported that they wore
bifocals for everyday use, the prescription for both the
top and bottom portion of their everyday glasses was
measured with a standard clinical lensometer. Then, trial
lenses were selected to represent those two prescriptions.
Participants were tested with both sets of trial lenses
during depth perception testing. Only the distance lens
was used for acuity and contrast sensitivity.

Acuity. Acuity was measured binocularly and for
each individual eye at a distance of 3 m (a distance com-
parable to the distance from eye level to floor level two
steps ahead; a distance of concern for obstacles in one’s
path) using standard Early Testing Diabetic Retinopathy
Study (ETDRS) charts [21]. Scoring was letter-by-letter.
The overhead lighting in the testing room was set at
approximately 100 cd/m? for testing on the ETDRS
charts.

Pelli-Robson Contrast Sensitivity. Contrast sensitiv-
ity was measured using the Pelli-Robson Contrast Sensi-
tivity Chart [22] at 1 m with letter-by-letter scoring. The
ambient lighting in the testing room was set at 100 cd/m?.
The Pelli-Robson chart uses letters composed of a
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complex mixture of horizontal, vertical, oblique, and
curved square-wave targets formed by a range of spatial
frequencies. The chart measures a broad band of frequen-
cies around the peak of the contrast sensitivity function
and is not sensitive to changes in low or high spatial
frequencies.

Depth Perception. Depth perception was measured
using the Howard Dolman depth perception apparatus
[23]. The apparatus consists of a black box with a win-
dow through which two white rods are displayed. Sub-
jects were seated 3 m from the front of the device and at
eye level with the rods. One rod remains at a fixed dis-
tance from the subject, and the other rod can be moved
back and forth on a track by pulling on two long cords.
Subjects completed three trials in which they were
instructed to line up the rods by pulling on the two cords.
The error of displacement (the distance between the two
rods in millimeters) was recorded by the experimenter for
each trial and then averaged across the three trials.
Between the trials, the experimenter obscured the view
of the rods from the subject and displaced the rods
quasi-randomly.

Motion Analysis

Three-dimensional marker (infrared light-emitting
diodes) data were collected using a six-camera Vicon
motion analysis system (Vicon Motion Systems; Lake
Forest, California) (minimum detection at 1 mm). Kine-
matic data were collected at 120 Hz. The Woltring filter
method was applied to data based on its similarities to the
low-pass Butterworth method, but the Woltring also
allows one to set cutoffs per the software, instead of the
user, providing more flexibility [24]. Markers were
placed on the subjects’ shoes as close as possible to the
first and fifth metatarsal heads, midpoint of the calca-
neus, and the right and left navicular bones (Figure 1(a)).
Because participants were not required to remove their
shoes, shoe measurements were taken into account since
they added length to participants’ feet; therefore, shoe
length was used instead of foot length in the custom soft-
ware to calculate vertical toe and heel clearance.

Kinematic Data Processing and Analysis

Participants stood still for 30 s in a static trial. Partic-
ipants were next asked to perform three trials in which
they ascended three stairs (Figure 1(c)), crossed a 4 ft
central plateau, and descended three stairs. However,
only two trials per participant were considered for analy-

ses given that three trials were not available for all partic-
ipants. The second and third trials were chosen in order
to account for practice effects of the first trial, which was
not always robust to collection failures. The second and
third trials were most consistent because all participants’
stair navigation was successfully recorded in at least one
of these trials, while other trials were subject to too many
markers dropping out, calibration troubles, and/or equip-
ment malfunctions. The dimensions of the staircase were
recorded and are depicted in Figure 1(b). Four markers
placed on each stair and the plateau (left front, left rear,
right front, and right rear; 28 total) provided spatial
dimensions of the task environment. For analyses, the
steps of participants were operationalized. Each step
taken by participants was assigned a number: 1st through
4th steps. When navigating the stairs, depending on
whether they were ascending or descending the stairs,
participants would take their first step from the floor/pla-
teau to the 1st stair, a second step from the 1st stair to the
2nd stair, a third step from the 2nd stair to the 3rd stair,
and a fourth step from the 3rd stair to the plateau or floor.

Trial by trial data were visually inspected, and miss-
ing marker gaps were filled or missing points interpo-
lated with Vicon Workstation software. We used a
customized computer program (Stair Toe/Heel Clearance
software) in Visual Basic (Microsoft; Redmond, Wash-
ington) to analyze processed Vicon motion analysis data
and determine toe and heel clearance on stairs. Minimum
and maximum toe and heel clearance calculations
included all data points while the moving foot crossed the
z- and y-axes of the apex of the step (Figure 1(a)). This
study collected both limbs’ toe and heel clearance while
ascending and descending stairs given that the left and
right legs both passed over the stair.

After Vicon data were collected, the coordinate posi-
tions were translated to a three-dimensional image. First,
the space between the heel and toe was calculated and a
vector was created along the z-axis of each stair. The
right heel (RHEE), right toe (RTOE), and right little toe
created a three-dimensional plane of the foot. The same
procedure was applied to the left foot (left heel [LHEE],
left toe [LTOE], and left little toe). Markers for the right
and left arch were placed in their respective locations
based off the positions of the other markers. The mid-
points (toe-leading edge and heel-leading edge) were cal-
culated from the existing markers. Midpoints were used
as the farthest points forward and backward on the foot.
These were the final points used in calculating clearances
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(c)

(a) Markers of the right foot on the 1st and 5th metatarsal bones, the navicular bone, and the calcaneus. The midpoint (M) was cal-
culated as the middle distance between the 1st and 5th metatarsals. (b) Clearances captured in between y- and z-axes about the
apex of the step. (c) Stair setup. Axes used for calculation in “Stair Heel Toe Clearance” program are labeled along with dimensions

of the stairs and location relative to the floor.

with the “Stair Toe/Heel Clearance” custom software.
Figure 1(a) demonstrates the placement of the foot
markers on the right shoe.

The foot was projected onto a plane created from the
vector of the stair’s edge. Normal biomechanics were
assumed, allowing the inference that ascending stairs
would leave the toe closer to the edge and descending
would leave the heel closer [15,25]. Therefore, heel
clearance was analyzed for descending trials, whereas toe
clearance was analyzed for ascending trials. Next, the
RTOE and LTOE minimum and RHEE and LHEE mini-
mum clearance (millimeters) for each step were calcu-
lated by subtracting the y-coordinate of the stair edge
from the y-coordinate of the limb closest to the edge.
These values were calculated over the entire x-axis of the
projected stair vector to the lowest point (minimum clear-
ance) of the toe or heel during participants’ ascending or
descending the stairs. The variables of interest were
defined as minimum heel/toe clearance—the least clear-
ance of the limb when passing over the stair, maximum
heel/toe clearance—the greatest clearance of the limb
when passing over the stair, group variability—variabil-
ity of minimum clearance of the stairs in both trials com-
pared between groups (determined for both the ascending
and descending directions), and trial variability—vari-
ability of the clearance of both legs passing over each

step compared between trial 1 and trial 2 (determined for
both the ascending and descending directions).

Statistical Analysis

For all vision, balance, and stair clearance data,
between-group differences were analyzed using indepen-
dent sample #-tests. The data were examined for equality
of variance using F-test two sample for variances option
(Microsoft Excel 2010). The effects of multifocal and
monofocal IOL lenses on minimum heel or toe clearance,
maximum heel or toe clearance, and variability between
trials were examined with repeated-measures analysis of
variance (RMANOVA). Separate RMANOVAs were
used for ascending and descending conditions, with toe
clearance analyzed for ascending trials and heel clear-
ance analyzed for descending trials. The independent
variables for the RMANOVAS were trial (1 or 2) and step
taken (1st, 2nd, 3rd, or 4th) as within-subjects factors.
The type of 10L (monofocal vs multifocal) was the
between-subjects factor. Initial analyses with indepen-
dent z-tests investigated the effects of foot (left or right)
to check for differences between legs, including stability,
favoritism of legs, and consistency of clearance. There
were no significant differences between minimum clear-
ance of left and right feet; therefore, the data for left and
right feet were averaged for the respective variable, per
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step, for the RMANOVAS. Appropriate pairwise compar-
isons were performed if main effects of step, trial, or
group were detected. Heel and toe clearance variability
between groups for descending and ascending conditions,
respectively, were determined by taking the SD of all the
clearances for both limbs (8 instances). Alpha was set at
0.05.

RESULTS

There were no statistical differences between groups
on demographics, vision, or mobility characteristics. Par-
ticipants had more than one comorbidity, had corrected
visual acuity, were slightly overweight based on their
body mass index, and had good balance confidence. Par-
ticipants were considered community ambulators based
on their gait speed [26-27]. For visual tests, participants
had decreased depth perception, but contrast sensitivity
was within normal ranges (Table 1).

Significant Interactions and Effect of Group

There were no significant interactions to report.
There was no main effect of the type of IOL on minimum
and maximum foot clearance while participants ascended
and descended stairs (Table 2).

Ascending Stairs

There was a main effect of the step taken on mini-
mum toe clearance (F(3,19) = 69.991, p < 0.001, npz =
0.971), maximum toe clearance (F(3,19) = 9.105, p =
0.001, npz = 0.590), and left/right limb variability
(F(3.19) = 4576, p = 0.014, ,2 = 0.42) of toe clearance
while participants ascended the stairs. The 1st step from
the floor to the 1st stair had significantly greater mini-
mum and maximum clearance values than the 2nd
through 4th steps (Figure 2(a)).

Descending Stairs

There was a main effect of step taken on the mini-
mum heel clearance (F(3,63) = 5.817, p = 0.001, ”pz =
0.271), maximum heel clearance (F(3,63) = 41.917, p <
0.001, npz = 0.666), and left/right limb variability
(F(3,63) = 22.176, p < 0.001, 1,2 = 0.514) while partici-
pants descended the stairs. The minimum and maximum
values of heel clearance of the 4th step to the floor were
significantly greater than that of the 1st through 3rd steps
(Figure 2(b)).

Group and Trial Variability

There was no statistical difference between the
monofocal or multifocal groups on variability of stair
clearance. No statistical differences were observed
between trials for monofocal or multifocal users (Table 3).

Table 1.
Participant characteristics. Data presented as mean (standard deviation) unless otherwise noted.
Characteristic Monofocal (n = 15) Multifocal (n = 8) p-Value
Sex, n
Male 15 4 —
Female — 4 —
Age (yr) 69.9 (6.9) 66.5 (6.3) 0.27
No. Comorbidities 34 (2.1) 3.0(1.2) 0.64
Activities-Specific Balance Confidence Scale 85.1 (14.7) 88.5 (13.0) 0.59
(/100%)
Body Mass Index (kg/mz) 29.4 (5.2) 26.1 (4.4) 0.14
Gait Speed (m/s) 0.9 (0.2) 1.0(0.1) 0.21
Sensory Organization Test Composite Score 68.5 (7.7) 67.9 (6.8) 0.84
ETDRS (logMAR) -0.1(0.1) 0.0(0.1) 0.27
Depth Perception Test Stereoacuity Threshold 25.5 (15.4) 21.4 (12.8) 0.55
(arcsec)*
Pelli-Robson Test of Contrast Sensitivity (bin- 1.7(0.2) 1.7 (0.0) 0.42
ocular)’

*Stereonormal is from —13 to 13 arcsec [42].
"Normal ranges for contrast sensitivity tests: 0.8 to 2.5 [43]

ETDRS = Early Testing Diabetic Retinopathy Study, logMAR = logarithm of the minimum angle of resolution.
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Estimated marginal means and standard errors of the left and right foot minimum and maximum and group variability of both feet’s clearance

over steps 1 through 4 ascending and steps 1 through 4 descending.

Monofocal

Multifocal 2

Clearance (n = 15) (n=8) Fi21 p-Value ny

Ascending (toe)

Minimum (mm) 60.1 (3.7) 59.0 (5.0) 0.028 0.87 0.001

Maximum (mm) 98.8 (6.2) 104.9 (8.5) 0.337 0.57 0.160

Group Variability (mm) 44.0 (7.2) 40.8 (3.3) 0.007 0.69 —
Descending (heel)

Minimum (mm) 36.3 (4.1) 42.4 (5.7) 0.048 0.83 0.002

Maximum (mm) 85.2 (7.9) 88.1(10.9) 0.771 0.39 0.035

Group Variability (mm) 39.5(3.2) 36.2 (4.8) 0.731 0.55 —

DISCUSSION

Monofocal versus Multifocal Lenses

This study provides initial evidence suggesting simi-
lar biomechanics of stair navigation between those with
monofocal and multifocal 10Ls. Both groups performed
relatively similar in obstacle clearance with no substan-
tial differences. Our findings are consistent with the find-
ings of Calladine et al., in which monofocal and
multifocal 10Ls were similar at all distances, except
where multifocal 10Ls improved near sight [28]. If both
I0Ls perform similarly at moderate visual distances, then

(a) Ascending Stairs
160.0 -

Step 1

Step 2 Step 3
Step Taken

Step 4

Mimimum Toe Clearance & Maximum Toe Clearance

Figure 2.

it can be theorized that clearances would be similar.
However, ascending the first step onto a stair after leav-
ing the floor had the greatest toe clearance, while in
descent, the final descending step to the floor had the
greatest heel clearance for the entire sample. This phe-
nomenon may be a strategy that leads to safer clearance
of stairs. That both groups exhibited these safe biome-
chanical characteristics, and given that biomechanical
clearance of the steps is strongly related to trip risk, there
may be no additional fall risk negotiating stairs for multi-
focal 10L users compared to monofocal 10L users. The
literature also suggests that the varying foci of multifocal

(b) Descending Stairs

140.0 - I
‘g 120.0 -
— 100.0
1]
e 80.0
. R | I
m
3 600 I -
5 I
@ 400 x I
e ks
ZUID ‘ . . '
0.0 T T T
Step 1 Step 2 Step 3 Step 4
Step Taken

Minimum Heel Clearance & Maximum Heel Clearance

(a) Minimum and maximum clearance values and standard error of toe clearance (estimated marginal means) while participants
ascended stairs. light gray = minimum toe clearance, dark gray = maximum toe clearance. (b) Minimum and maximum values and
standard error of heel clearance (estimated marginal means) while participants descended stairs. light gray = minimum heel clear-
ance, dark gray = maximum heel clearance.
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Table 3.
Estimated marginal means and standard errors for intertrial variability
for the sample while ascending and descending stairs.

Average
Trial Variability F;,; p-Value “pz
(mm)

Ascending (toe)

Trial 1 30.5(5.5) 0.035 0.85 0.002
Trial 2 29.4(3.5) 0.035 0.85 0.002
Descending (heel)

Trial 1 34.9@3.4) 1221 0.28 0.055
Trial 2 32.0(3.6) 1.221 0.28  0.055

IOLs [10] do not have a negative effect on fall risk and
thus varying foci should not be considered as a factor
against multifocal implantation. Multifocal users do have
higher satisfaction overall, and the variable distances
achieved with multifocal IOLs are often more desirable
for patients [2,29]. The desired attributes of multifocal
IOLs may be a higher initial cost but could potentially
minimize ophthalmic visits and corrective lenses cover-
age for insurers. These advantages seem to increase qual-
ity of life of users and should be considered by
physicians when prescribing IOL implantation.

Direction

We demonstrated that there is smaller toe clearance
than heel clearance when ascending, and lesser heel
clearance than toe when descending. One reason for this
is an unstable center of gravity. Figure 2(b) demonstrates
that safe ambulation resulted in greater minimum heel
clearance in the final step down to the ground, which was
true of both monofocal and multifocal 10L users. Zietz et
al. and Reeves et al. corroborate the finding that descend-
ing stairs requires further extension of the limb from the
center of gravity than does ascension [30-31]. Extending
the limb beyond the center of gravity likely causes
increased instability, evidenced by the fact that more falls
occur while stepping down than stepping up stairs in
community-dwelling older adults [32]. In fact, falls
during stair descent outnumber those during ascent three
to one. Further, falls are more likely to occur on the last
and second to last steps of descent [7,33].

Foot Clearance and Stair Navigation

Whether or not an obstacle is in an individual’s field
of vision can strongly affect foot clearance, which also

may account for the differences between ascending and
descending stairs, both in terms of biomechanical charac-
teristics and fall risk. If a participant is able to have feed-
forward cues or other visual data, by foveal and periph-
eral vision, to adjust their steps before performing an
obstacle, there is a greater likelihood of clearance. It is
important to consider that stair navigation consists of
peripheral and foveal vision, though peripheral input
seems to diminish with age [34-38]. One study showed
younger and older participants focused on the third stair
ahead of them during ascending, while young partici-
pants focused four stairs ahead and older participants
focused two stairs ahead when descending [15]. This
demonstrates that having this information before a step
allowed the users to safely clear obstacles and avoid con-
tact with the obstacle. Rietdyk and Rhea found that a
reduction in visibly perceptible obstacles increased likeli-
hood of contact, in particular of heel clearance with
obstacles [39]. Here, the first step had the highest clear-
ance, with a general decrease in clearance for subsequent
steps and increased variability throughout ascension. The
reverse was true for descending the steps [9]. This
demonstrates that as individuals were ascending, they
were able to use visual cues and comfortably clear steps,
but as the steps plateaued, there was no feed-forward
visual data and they demonstrated a decrease in step
clearance. Descending, there was a lack of feed-forward
visual cue until the ground was within the participant’s
field of vision, accounting for the small clearances on the
first few steps and larger clearance from the last step to
the floor. These results are corroborated by Zietz and Hol-
lands, who noted stair descent requires more up-to-date
visual cues [15].

Limitations

This study was limited by a small sample, particu-
larly in the multifocal group, which reduced power to
detect effects. Future studies should include in-depth
study on the maximum toe clearance for I0L users that
can be attained before loss of balance is experienced.
Shinya et al. reported a highly variable range of foot
clearance in nondisabled young adults: 30 to 110 mm
maximum foot clearance [16]. Collection of normal min-
imum and maximum values of foot clearance could
inform stair design, i.e., riser-height design for older
adults. Current standards from the Occupational Safety
and Health Administration are set to heights of 15.24 to
19.05 cm [40]. Research is imperative to ensure riser
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heights are appropriate for individuals of all ages to
traverse them. Insight into which limb is responsible for
the most tripping incident contacts may show which limb
should be of concern and possibly targeted with interven-
tion to prevent falls. Interestingly, Alcock et al. found
that older healthy women favored their stronger limb as
lead [41]. Consideration of the relative weighting of
visual information versus other feedback, i.e., the use of
working memory of stair locale, is also of interest. The
successful employment of working memory during stair
navigation likely causes decreased weighting of visual
information. Working memory informs a repeated kine-
matic stepping pattern that is used for subsequent steps,
based on the assumption that the stair height and depth
will not change, as concluded by Zietz and Hollands [15].
However, an experiment using variable heights for
ascending and descending, after the participants have
established a fixed kinematic stepping pattern, may be
useful for determining the comparative weighting of
stored information from working memory versus visual
feedback. While not ecologically valid with respect to the
present experiment, such investigation would provide
additional information on the biomechanics of stepping,
specifically for older adults. Better understanding, engen-
dered from a motor control approach, of the kinematics
of stepping will inform future diagnosis and interventions
for stepping-related fall risk.

CONCLUSIONS

The type of IOL in older individuals with normal
mobility and balance confidence and no additional motor
issues does not appear to alter biomechanics of stair nav-
igation, a functional activity that is linked to fall risk.
Future studies should use larger samples to investigate
whether having the stair edge in the participant’s visual
field and use of a particular limb plays a role in foot
clearance. This research has potential benefits for candi-
dates for cataract surgery in the future. The increased
range of vision and decreased dependence on corrective
lenses has led to self-reported higher quality of life in
multifocal 10OL users [2]. Given the increased incidence
of falls with age and the morbidity and mortality associ-
ated with falls, the results of this study may benefit a sub-
stantial number of older adults because it may provide
support and rationale to adopt multifocal rather than
monofocal 10Ls.

RENZ et al. Foot clearance and variability of IOL users on stairs

ACKNOWLEDGMENTS

Author Contributions:

Study concept and design: C. D. Hall.

Acquisition of data: M. E. Hackney.

Analysis and interpretation of data: E. Renz, M. E. Hackney,

C. D. Hall.

Drafting of manuscript: E. Renz, M. E. Hackney.

Critical review of manuscript for important intellectual content:

E. Renz, M. E. Hackney, C. D. Hall.

Statistical analysis: E. Renz, M. E. Hackney.

Administration, technical, or material support: C. D. Hall,

M. E. Hackney.

Study Supervision: C. D. Hall.

Financial Disclosures: The authors have declared that no competing
interests exist.

Funding/Support: This material is based upon work supported by an
internal pilot grant (0007) awarded to C. D. Hall by the Atlanta VA
Center for Visual and Neurocognitive Rehabilitation (VA award
C4850C). VA Career Development Awards (Rehabilitation Research
and Development Service) (E7108M and N0870W) supported

M. E. Hackney.

Additional Contributions: We thank Lindsay Richardson and Casey
Bowden for data collection and Mark Ricard for writing the custom
Stair Toe/Heel Clearance software.

Institutional Review: All participants provided informed consent in
accordance with the Atlanta VAMC Research and Development Com-
mittee and Emory University Institutional Review Board, and the
study adhered to the tenets of the Declaration of Helsinki.
Participant Follow-Up: The authors do not plan to inform partici-
pants of the publication of this study.

REFERENCES

1. Hayashi K, Manabe S, Yoshimura K, Hirata A. Binocular
visual function with a diffractive multifocal intraocular
lens in patients with unilateral cataract. J Cataract Refract
Surg. 2013;39(6):851-58. [PMID:23688871]
http://dx.doi.org/10.1016/j.jcrs.2013.01.030

2. Montés-Micé R, Alid JL. Distance and near contrast sensi-
tivity function after multifocal intraocular lens implanta-
tion. J Cataract Refract Surg. 2003;29(4):703-11.
[PMID:12686237]
http://dx.doi.org/10.1016/S0886-3350(02)01648-6

3. Lord SR, Dayhew J, Howland A. Multifocal glasses impair
edge-contrast sensitivity and depth perception and increase
the risk of falls in older people. J Am Geriatr Soc. 2002;
50(11):1760-66. [PM1D:12410892]
http://dx.doi.org/10.1046/j.1532-5415.2002.50502.x

4. Alfonso JF, Fernandez-Vega L, Puchades C, Montés-Micé
R. Intermediate visual function with different multifocal
intraocular lens models. J Cataract Refract Surg. 2010;



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23688871&dopt=Abstract
http://dx.doi.org/10.1016/j.jcrs.2013.01.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12686237&dopt=Abstract
http://dx.doi.org/10.1016/S0886-3350(02)01648-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12410892&dopt=Abstract
http://dx.doi.org/10.1046/j.1532-5415.2002.50502.x

942

JRRD, Volume 53, Number 6, 2016

8.

10

11.

12.

13.

14.

15.

16.

36(5):733-39. [PMID:20457363]
http://dx.doi.org/10.1016/j.jcrs.2009.11.018

. Mackintosh SF, Hill K, Dodd KJ, Goldie P, Culham E.

Falls and injury prevention should be part of every stroke
rehabilitation plan. Clin Rehabil. 2005;19(4):441-51.
[PMID:15929514]
http://dx.doi.org/10.1191/0269215505cr7960a

. Eisenberg JS. Fifth Annual Presbyopia Report: Your role in

fall prevention. Falls among older patients are a serious
public health problem. Can improved vision decrease the
risk? Review of Optometry. 2004;141(12).

. Startzell JK, Owens DA, Mulfinger LM, Cavanagh PR.

Stair negotiation in older people: A review. J Am Geriatr
Soc. 2000;48(5):567-80. [PM1D:10811553]
http://dx.doi.org/10.1111/j.1532-5415.2000.th05006.x
Buckley JG, Cooper G, Maganaris CN, Reeves ND. Is stair
descent in the elderly associated with periods of high centre
of mass downward accelerations? Exp Gerontol. 2013;
48(2):283-89. [PMID:23178302]
http://dx.doi.org/10.1016/j.exger.2012.11.003

. Hamel KA, Okita N, Higginson JS, Cavanagh PR. Foot

clearance during stair descent: effects of age and illumina-
tion. Gait Posture. 2005;21(2):135-40.

. Arens B, Freudenthaler N, Quentin CD. Binocular function

after bilateral implantation of monofocal and refractive
multifocal intraocular lenses. J Cataract Refract Surg.
1999;25(3):399-404. [PMID:10079446]
http://dx.doi.org/10.1016/S0886-3350(99)80089-3

Tinetti ME, Doucette JT, Claus EB. The contribution of
predisposing and situational risk factors to serious fall inju-
ries. J Am Geriatr Soc. 1995;43(11):1207-13.

[PMID:7594153]
http://dx.doi.org/10.1111/j.1532-5415.1995.tb07395.x
Gallagher EM, Scott VVJ. The STEPS Project: Participatory
action research to reduce falls in public places among
seniors and persons with disabilities. Can J Public Health.
1997;88(2):129-33. [PMID:9170693]

Tinetti ME, Williams CS. The effect of falls and fall inju-
ries on functioning in community-dwelling older persons. J
Gerontol A Biol Sci Med Sci. 1998;53(2):M112-19.
[PMID:9520917]
http://dx.doi.org/10.1093/gerona/53A.2.M112

Rubenstein LZ, Josephson KR. The epidemiology of falls
and syncope. Clin Geriatr Med. 2002;18(2):141-58.
[PMID:12180240]
http://dx.doi.org/10.1016/S0749-0690(02)00002-2

Zietz D, Hollands M. Gaze behavior of young and older
adults during stair walking. J Mot Behav. 2009;41(4):357-65.
[PMID:19508962]
http://dx.doi.org/10.3200/JIMBR.41.4.357-366

Shinya M, Popescu A, Marchak C, Maraj B, Pearson K.
Enhancing memory of stair height by the motor experience

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

of stepping. Exp Brain Res. 2012;223(3):405-14.
[PMID:23001372]
http://dx.doi.org/10.1007/s00221-012-3269-3

Templer J. The staircase. Studies of hazards, falls, and safer
design. Cambridge: MIT Press; 1994.

Johnson L, Buckley JG, Scally AJ, Elliott DB. Multifocal
spectacles increase variability in toe clearance and risk of
tripping in the elderly. Invest Ophthalmol Vis Sci.
2007;48(4):1466-71. [PMID:17389472]
http://dx.doi.org/10.1167/iovs.06-0586

Powell LE, Myers AM. The Activities-specific Balance
Confidence (ABC) Scale. J Gerontol A Biol Sci Med Sci.
1995;50A(1):M28-34. [PMID:7814786]
http://dx.doi.org/10.1093/gerona/50A.1.M28

Ford-Smith CD, Wyman JF, Elswick RK Jr, Fernandez T,
Newton RA. Test-retest reliability of the sensory organiza-
tion test in noninstitutionalized older adults. Arch Phys
Med Rehabil. 1995;76(1):77-81. [PMID:7811180]
http://dx.doi.org/10.1016/S0003-9993(95)80047-6

Bailey IL, Lovie JE. New design principles for visual acu-
ity letter charts. Am J Optom Physiol Opt. 1976;53(11):
740-45. [PMID:998716]
http://dx.doi.org/10.1097/00006324-197611000-00006
Pelli DG, Robson JG, Wilkins AJ. The design of a new let-
ter chart for measuring contrast sensitivity. Clin Vis Sci.
1988;2(3):187-99.

Knight KK, Apsey DA, Jackson WG, Dennis RJ. A com-
parison of stereopsis with ANVIS and F4949 night vision
goggles. Aviat Space Environ Med. 1998;69(2):99-103.
[PMID:9491245]

Richards J. Biomechanics in clinic and research. Edin-
burgh: Churchill Livingstone/Elsevier; 2008.

Huang SC, Lu TW, Chen HL, Wang TM, Chou LS. Age
and height effects on the center of mass and center of pres-
sure inclination angles during obstacle-crossing. Med Eng
Phys. 2008;30(8):968-75. [PMID:18243037]
http://dx.doi.org/10.1016/j.medengphy.2007.12.005
Langlois JA, Keyl PM, Guralnik JM, Foley DJ, Marottoli
RA, Wallace RB. Characteristics of older pedestrians who
have difficulty crossing the street. Am J Public Health.
1997;87(3):393-97. [PMID:9096539]
http://dx.doi.org/10.2105/AJPH.87.3.393

Bohannon RW. Comfortable and maximum walking speed
of adults aged 20-79 years: Reference values and determi-
nants. Age Ageing. 1997;26(1):15-19. [PMI1D:9143432]
http://dx.doi.org/10.1093/ageing/26.1.15

Calladine D, Evans JR, Shah S, Leyland M. Multifocal ver-
sus monofocal intraocular lenses after cataract extraction.
Sao Paulo Med J. 2015;133(1):68. [PMID:25626855]
http://dx.doi.org/10.1590/1516-3180.20151331T2

Bi HS, Ma XH, Li JH, Ji P. [Study of binocular function in
early stage after implantation of multifocal intraocular lens].



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20457363&dopt=Abstract
http://dx.doi.org/10.1016/j.jcrs.2009.11.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15929514&dopt=Abstract
http://dx.doi.org/10.1191/0269215505cr796oa
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10811553&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2000.tb05006.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23178302&dopt=Abstract
http://dx.doi.org/10.1016/j.exger.2012.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10079446&dopt=Abstract
http://dx.doi.org/10.1016/S0886-3350(99)80089-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7594153&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.1995.tb07395.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9170693&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9520917&dopt=Abstract
http://dx.doi.org/10.1093/gerona/53A.2.M112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12180240&dopt=Abstract
http://dx.doi.org/10.1016/S0749-0690(02)00002-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19508962&dopt=Abstract
http://dx.doi.org/10.3200/JMBR.41.4.357-366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23001372&dopt=Abstract
http://dx.doi.org/10.1007/s00221-012-3269-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17389472&dopt=Abstract
http://dx.doi.org/10.1167/iovs.06-0586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7814786&dopt=Abstract
http://dx.doi.org/10.1093/gerona/50A.1.M28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7811180&dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(95)80047-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=998716&dopt=Abstract
http://dx.doi.org/10.1097/00006324-197611000-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9491245&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18243037&dopt=Abstract
http://dx.doi.org/10.1016/j.medengphy.2007.12.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9096539&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.87.3.393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9143432&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9143432&dopt=Abstract
http://dx.doi.org/10.1093/ageing/26.1.15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25626855&dopt=Abstract
http://dx.doi.org/10.1590/1516-3180.20151331T2

943

30.

31.

32.

33.

34.

35.

36.

37.

38.

Zhonghua Yan Ke Za Zhi. 2007;43(5):407-11. Chinese.
[PMID:17706088]

Zietz D, Johannsen L, Hollands M. Stepping characteristics
and centre of mass control during stair descent: Effects of
age, fall risk and visual factors. Gait Posture. 2011;34(2):
279-84. [PMID:21680187]
http://dx.doi.org/10.1016/j.gaitpost.2011.05.017

Reeves ND, Spanjaard M, Mohagheghi AA, Baltzopoulos
V, Maganaris CN. Influence of light handrail use on the
biomechanics of stair negotiation in old age. Gait Posture.
2008;28(2):327-36. [PMID:18337102]
http://dx.doi.org/10.1016/j.gaitpost.2008.01.014

Tinetti ME, Speechley M, Ginter SF. Risk factors for falls
among elderly persons living in the community. N Engl J
Med. 1988;319(26):1701-07. [PMID:3205267]
http://dx.doi.org/10.1056/NEJM198812293192604
Jackson P, Cohen H. An in-depth investigation of 40 stair-
way accidents and the stair safety literature. J Safety Res.
1995;26(3):151-59.
http://dx.doi.org/10.1016/0022-4375(95)00014-H

Uiga L, Cheng KC, Wilson MR, Masters RS, Capio CM.
Acquiring visual information for locomotion by older adults:
A systematic review. Ageing Res Rev. 2015;20:24-34.
[PMID:25576650]
http://dx.doi.org/10.1016/j.arr.2014.12.005

Itoh N, Fukuda T. Comparative study of eye movements in
extent of central and peripheral vision and use by young
and elderly walkers. Percept Mot Skills. 2002;94(3 Pt
2):1283-91. [PMID:12186250]
http://dx.doi.org/10.2466/pms.2002.94.3¢.1283

Graci V, Elliott DB, Buckley JG. Peripheral visual cues
affect minimum-foot-clearance during overground locomo-
tion. Gait Posture. 2009;30(3):370-74. [PMID:19628392]
http://dx.doi.org/10.1016/j.gaitpost.2009.06.011

Marigold DS. Role of peripheral visual cues in online
visual guidance of locomotion. Exerc Sport Sci Rev.
2008;36(3):145-51. [PMID:18580295]
http://dx.doi.org/10.1097/JES.0b013e31817bff72
Miyasike-daSilva V, Mcllroy WE. Does it really matter
where you look when walking on stairs? Insights from a
dual-task study. PLoS ONE. 2012;7(9):e44722.
[PMID:22970297]
http://dx.doi.org/10.1371/journal.pone.0044722

39.

40.

41.

42.

43.

RENZ et al. Foot clearance and variability of IOL users on stairs

Rietdyk S, Rhea CK. The effect of the visual characteristics
of obstacles on risk of tripping and gait parameters during
locomotion. Ophthalmic Physiol Opt. 2011;31(3):302-10.
[PMID:21470274]
http://dx.doi.org/10.1111/j.1475-1313.2011.00837.x
Occupational Safety and Health Administration. Fixed
stairways: 1917.120. Regulations (Standards 29 CFR) [Inter-
net]. Washington (DC): U.S. Department of Labor; 2000
[updated 2000 Jun 30; cited 2014 July 28]. Available from:
https://www.osha.gov/pls/oshaweb/owadisp.show_docu-
ment?p_table=STANDARDS&p_id=10406.

Alcock L, O’Brien TD, Vanicek N. Biomechanical demands
differentiate transitioning vs. continuous stair ascent gait in
older women. Clin Biomech (Bristol, Avon). 2014;29(1):
111-18. [PMID:24268887]
http://dx.doi.org/10.1016/j.clinbiomech.2013.10.007
Zaroff CM, Knutelska M, Frumkes TE. Variation in stereo-
acuity: Normative description, fixation disparity, and the
roles of aging and gender. Invest Ophthalmol Vis Sci.
2003;44(2):891-900. [PMID:12556426]
http://dx.doi.org/10.1167/iovs.02-0361

Good-Lite. Lea Contrast Sensitivity Test [Internet]. Elgin
(IL): Good-Lite [cited 2014 July 28]. Available from: http://
www.good-lite.com/cw3/Assets/documents/ContrastSensi-

tivity.pdf.

Submitted for publication February 25, 2015. Accepted
in revised form December 15, 2015.

This article and any supplementary material should be
cited as follows:

Renz E, Hackney ME, Hall CD. Foot clearance and vari-
ability in mono- and multifocal intraocular lens users
during stair navigation. J Rehabil Res Dev. 2016;53(6):
933-44.

http://dx.doi.org/10.1682/JRRD.2015.02.0030

ALL SUBMISSIONS SCREENED BY. e

+ iThenticate:
[ et romecreck e wowe » |

ros

F.ORG
THE CITATION LINKING BACKEONE



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17706088&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21680187&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=18337102&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2008.01.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3205267&dopt=Abstract
http://dx.doi.org/10.1056/NEJM198812293192604
http://dx.doi.org/10.1016/0022-4375(95)00014-H
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25576650&dopt=Abstract
http://dx.doi.org/10.1016/j.arr.2014.12.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12186250&dopt=Abstract
http://dx.doi.org/10.2466/pms.2002.94.3c.1283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19628392&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19628392&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2009.06.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18580295&dopt=Abstract
http://dx.doi.org/10.1097/JES.0b013e31817bff72
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22970297&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0044722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21470274&dopt=Abstract
http://dx.doi.org/10.1111/j.1475-1313.2011.00837.x
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10406
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24268887&dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2013.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12556426&dopt=Abstract
http://dx.doi.org/10.1167/iovs.02-0361
http://www.good-lite.com/cw3/Assets/documents/ContrastSensitivity.pdf
http://www.good-lite.com/cw3/Assets/documents/ContrastSensitivity.pdf
http://www.good-lite.com/cw3/Assets/documents/ContrastSensitivity.pdf




	Foot clearance and variability in mono- and multifocal intraocular lens users during stair navigation
	Erik Renz, BS;1 Madeleine E. Hackney, PhD;2* Courtney D. Hall, PT, PhD3
	1Georgia Institute of Technology, Atlanta, GA; 2Atlanta Department of Veterans Affairs (VA) Medical Center, Rehabilitation Research and Development Center, Decatur, GA; Birmingham/Atlanta VA Geriatric Research, Education and Clinical Center, Decatur,...


	INTRODUCTION
	METHODS
	Participants
	Materials and Procedures
	Balance Confidence
	Static Balance
	Comfortable Gait Speed
	Vision Tests

	Motion Analysis
	Kinematic Data Processing and Analysis
	Figure 1.

	Statistical Analysis

	RESULTS
	Significant Interactions and Effect of Group
	Ascending Stairs
	Descending Stairs
	Group and Trial Variability
	Table 1.
	Table 2.


	DISCUSSION
	Monofocal versus Multifocal Lenses
	Figure 2.
	Table 3.


	Direction
	Foot Clearance and Stair Navigation
	Limitations

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

