
CLINICAL INVESTIGATION

Shoe Sole Thickness and Hardness Influence
Balance in Older Men
Steven Robbins, MD, *t Gerard [. Couui, PhD (eng),'" and Jacqueline McClaran, MD, CFPCn

Objective; To test the hypothesis thit shoes with thick, soft
midsoles, such as modern running shoes, provide better
stability in older individuals than those with thin-hard mid-
soles. In addition, we examined the relation between foot-
wear comfort and stability and stability when barefoot.
Design; Randomized-order, cross-over, controlled compari-
son.
Setting: Subjects were drawn from an internal medicine
practice.
Participants: A random sample of 25 healthy men, minimum
age 60 years. Additional selection criteria were absence of
disabilities influencing ability to walk and lack of history of
frequent falls.
Measurements: Balance failure frequency, which was de-
fined as falls from the beam per 100 meters of beam walking
when 10 passes were made down a 9 M long balance beam.

Comfort rating was based on an ordinal scale.
Results: Contrary to the hypothesis: (1) midsole softness was
associated with poor stability (F(2,48) = 17.9, P < 0.0001);
(2) thick midsoles also provided poor stability (F(1,24) = 7.36,
P < 0.01). When barefoot, subjects showed 19% higher
balance failure frequency than with the poorest shoe and
171 % greater than the best shoe (t = 5.33, P < 0.0001).
Higher comfort was generally found in shoe types associated
with higher balance failure frequency.
Conclusions: For optimal stability, shoes with thin, hard
sales are preferable for older individuals. Health professionals
should exercise caution when recommending shoes with
thick, yielding midsoles.csuch as running shoes, to unstable
elderly individuals. Older men and women with a history of
falls or who are obviously unstable, should avoid barefoot
locomotion. J Am Geriatr Soc 40:1089-1094,1992

A adult humans age, they become less adept at
recovering stable equilibrium after encounter-
ing environmental factors that produce insta-

bility. This is mainly due to slowing of compensatory
behavioral responses to perceived unstable equilib-
rium, a factor that is not presently amenable to medical
intervention. 1-4

The dominant role of external factors in both initi-
ating falls and impairing recovery from instability in
the elderly was first advanced by Sheldon" decades
ago and has never been seriously challenged. More
recent reports confirm Sheldon's earlier observations
that, if the fall victim is questioned carefully and the
scene of the accident is examined, environmental fac-
tors that contributed to the fall can usually be identi-
fied. For example, Gabell et al" found easily identifiable
external factors that initiated falls, such as obstacles
causing trips, in 73 percent of the falls that occurred
prospectively in healthy elderly subjects aged 65-85
years.

External factors contributing to falls are often over-
looked by physicians attempting to reduce the risk of
future falls in elderly patients who either have previ-
ously fallen or are at high risk of falling due to obvious
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instability. This is unfortunate given that interventions
that mitigate these factors can often have impressive
results (Figure 1). For example, Tideiksaar" evaluated
25 consecutive elderly ambulatory individuals (mean
age 78 years) who reported three or more falls in the
previous 3 months (mean 4) for environmental factors
that may have initiated falls and impaired recovery
from disequilibrium. Twelve months following elimi-
nation of these influences in their homes (eg, removing
raised edges of carpets, purging obstacles encroaching
on passageways, increasing the static and dynamic
coefficients of friction of bathroom floors when wet,
and improving lighting in dark areas), 56 percent ex-
perienced no further falls, 36 percent continued to fall
but less frequently, and only 8 percent fell as frequently
as before. Wolf-Klein et al8 obtained similar results
from environmental interventions. It may be predicted
that most of the progress in preventing falls in the
elderly will continue to be made through identifying
and mitigating external destabilizing influences, partic-
ularly those which can initiate falls.

Several authors feel that footwear sole construction
is an external factor that substantially influences sta-
bility during locomotion in older individuals. For ex-
ample, Wasson et al" have the impression that in the
elderly "a soft running shoe is preferred (presumably
over a hard-soled shoe) because of its cushioning and
support features." Sudarsky'? believes that in geriatric
populations "Gait and balance are likewise improved
by the choice of appropriate footwear: lightweight
shoes (ie, incorporating expanded polymer sales) with
good stability at the heel ... " are best.

Both of these authors, and many others, have the
impression that footwear with thick, soft soles offer
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FIGURE 1. Analysis of external factors contributing to a fall in an
elderly man who shows slowing of compensatory behavior required
to regain stable equilibrium consistent with his age. (1) Turned up
edge of bathroom mat causing trip. (2) Poor lighting interfering with
perception of curled-up edge of carpet. (3) Wet floor producing low
dynamic coefficient of friction between ceramic tile floor and sole of
slipper, which caused slip when he attempted to regain stable equi-
librium. (4) Soft-soled slipper produced instability, according to the
results of the present experiment.

greater stability in the elderly than heavier shoes with
thin, hard materials. These opinions must be based on
clinical impressions rather than balance testing, be-
cause other than outersole frictional resistance that can
cause slips, the relation between footwear design and
materials and stability has not been examined. Thick-
ness and hardness of soles are determined mainly by
polymer foam content of the midsole. The midsole lies
between the usually thin outersole and the insole and
upper which surrounds the foot.

It seems unwise to discount consistent clinical obser-
vations by specialists, simply because they are subjec-
tive, as well as dangerous to follow their recommen-
dations until they are confirmed objectively. Consid-
ering this unclear situation dealing with footwear
design and stability, a more systematic examination of
this issue seems justified.

What follows is an experiment which, consistent
with the above clinical observations, tests the hypoth-
esis that in the range of footwear that is currently
available, dynamic balance (balance during locomo-
tion) in the elderly is positively related to midsole
thickness and negatively related to midsole hardness.

METHODS

We adapted the balance beam testing method for
use with ambulatory geriatric populations.l} 12 The
width of the beam places a fixed constraint on a
strategy employed to prevent falling off the beam
laterally via moving the ipsilateral (the sideward direc-
tion of instability) leg laterally. Through inducing for-
ward movement at a constant velocity, a restriction is
placed on other behavioral maneuvers humans use to
retain and regain stable equilibrium in the anterior-
posterior plane during locomotion, such as prolonga-
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tion of the double support phaee, reduced forward
velocity, and reduced stride length.3, 4,13 By placing the
beam on the floor and positioning a technician close to
the subject, falls to the floor are prevented when sub-
jects fall from the beam.

Apparatus An extruded aluminum beam of cross-
section outer dimension (cm) width 78, height 3.9,
length (M) 9. The beam rested on 4-mm thick pads of
carbon rubber, to minimize risk of beam movement
across the floor during the experiment. Beam dimen-
sions were chosen based on a pilot study which showed
that this cross-section produced adequate variance in
the frequency of falls from the beam (balance failure
frequency), in older subjects, without resorting to al-
tered sensory cues that impair balance, such as atten-
uated visual information. The relatively long beam
length was selected over more typical shorter beams in
order to reduce time lost from turning and remounting
the beam. The floor adjacent to the beam was marked
at 1-M intervals to aid estimation of distance travelled
to the point of balance failure.

Subjects The subjects were a sample of 25 males,
with a minimum age of 60 years, drawn from an
internal medicine practice. This experiment was re-
stricted to men because a limited number of pairs of
custom-made experimental shoes were made available
by a manufacturer. This number could satisfy men's
sizes or women's sizes, but not both. Additional subject
selection criteria were absence of disabilities influenc-
ing ability to walk and lack of history of frequent falls.
Mean age was 69 years (SE 1.1) with the minimum 61
years and the maximum 82 years. The minimum height
was 168 cm, and the maximum was 186 em, with a
mean of 175 ern (SE 4.6). Mean body weight was 77.4
kg (SE 1.5), with a minimum weight of 68.2 kg and a
maximum weight of 98.2 kg. The mean shoe size (USA)
was 9 (SE 0.2) with a minimum of 7 and a maximum
of 10.5.

Testing Location The room was well lit and devoid
of furnishings except for the experimental apparatus.
The room was isolated so as to reduce auditory and
visual interference that might distract subjects.

Hardness Testing An A scale durometer hardness
testing was performed according to methods set forth
by the American Society for Testing of Materials
(Standard D 240-Standard Test Method for Rubber
Property-Durometer Hardness)." Higher A scale val-
ues indicate greater hardness. Hardness of A 15 indi-
cates that an A scale durometer was used, and the
reading via the instrument was 15. The durometer
manufacturer was Shore Inc., Freeport, New York.

Balance Failure Frequency Balance failure fre-
quency was operationally defined as falls from the
beam per 100 m and was calculated by dividing the
number of falls from the beam for each condition by
the total distance travelled for that condition and then
multiplying by 100.

. Testing Conditions There were seven testing con-
ditions: barefoot and six different pairs of experimental
footwear, which were identical except for midsole dif-
ferences. These footwear were similar to current run-
ning shoes, with uppers fabricated from suede leather
and nylon fabric (Figure 2). The last was the standard
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FIGURE 2. Dimensions of sole materials of the thick and thin shoe
used in this experiment. Outer sole (lowest layer) was 0.5-cm carbon
rubber (identical in all experimental shoes). Midsole (middle layer
between outersole and upper) was composed of expanded polymer
foam of hardness A 15, A 33 or A 50. The upper was identical in all
shoes used.

one used by the major athletic footwear manufacturer
that supplied the shoes. They were cement-lasted,
which is the current standard construction method for
athletic footwear. They had a heel flare of 20 degrees.
The outersole was 5-mm-thick carbon rubber. A full
length fiber board layer was under the insole. The
insole was composed of thin-soft bonded fiber fabric.
The experimental variables, which differed between
pairs, were midsole hardness and thickness. For each
shoe size, there were six different pairs of experimental
shoes. The midsole was composed of a uniform ex-
panded polymer foam of hardness A IS, A 33, or A
50. The choice of hardnesses was based on a pilot
study that sampled existing footwear. A 15 approxi-
mated the softest midsole found, whereas A 50 ap-
proximated the hardest. A 33 corresponds to the middle
range of hardness. The most commonly used midsole
hardness in current footwear is A 25. For each midsole
hardness, there were two midsole thicknesses. The
thinner midsole thickness was 13 mm at the heel and
6.5 mm at the site subtending the metatarsal-phalan-
geal joint. The thicker midsole was 27 mm at the heel
and 16 mm under the metatarsal-phalangeal joint.
These thicknesses correspond to the thinnest and thick-
est midsoles measured in a survey of currently available
footwear of this construction. The shoes' with thin
midsoles and A 50 hardness resemble conventional
leather or hard rubber walking shoes.

Testing Procedure (Figure 3) Subjects were told
that the purpose of the experiment was to relate foot-
wear to stability. Their consent was obtained according
to guidelines proposed in the Declaration of Helsinki
of the World Medical Association. All subjects practiced
walking down the beam a minimum of 10 times and a
maximum of 20 times, at their choice. In order to pace

FIGURE 3. Subjects walk forward and technician backward strad-
dling the beam. Subject is told to maintain a fixed distance between
himself and technician. The technician paces the subject at an
average velocity of 0.5 m/s. The technician is sufficiently close to the
subject so as to prevent subjects from falling to the floor if they fall
from the beam.

the subjects at the required average velocity, and to
prevent falls to the ground, a technician walked back-
wards, 1 m in front of the subjects, with the beam
between his feet, at a constant average velocity of 0.5
M/s. This velocity was shown in a pilot study to be a
relaxed walking pace with subjects of this age group.
Subjects were instructed not to reduce forward velocity
even if it would help prevent balance failures. Upon
falling off the beam, subjects were required to walk to
the end of the beam rather than remounting it at the
site of balance failure so that all subjects would mount
the beam the same number of times for every testing
condition, because a pilot study indicated that mount-
ing the beam was in itself destabilizing. This means
that the actual distance travelled was less than 90 M if
there were any balance failures. For example, the total
distance travelled on the beam for a subject with a
balance failure frequency of 10/100 M would be 50 M
(five completed passes of 9 M each and five with falls,
on the average, at 1 M).

Ten passes were made down the beam for each
testing condition. The distance from the beginning of
the pass to the site of a balance failure was estimated
to the nearest meter. The order of presentation of
different shoes and the barefoot condition followed a
unique random series for each subject. Following com-
pletion of all testing conditions, subjects were asked to
select the most comfortable shoe as well as to identify
any that were uncomfortable.

Data Analysis Strength of associations between
the frequency of balance failure and two main vari-
ables, midsole thickness and midsole hardness, and
interaction between these variables, were evaluated by
two-factor analysis of variance for repeated measures.
The differences between specific testing conditions, six
experimental shoe pairs, and barefoot, were assessed
by post-hoc paired t tests. Pearson product-moment
correlation coefficients were calculated to assess rela-
tions between variables of age, height, weight, and
balance failure frequency. Strength of associations be-
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tween experimental shoes and comfort were tested by
X2 analysis for equal expected frequencies. An alpha
level of 0.05 was used as the criterion for all tests of
etatietical eignificance.

RESULTS
Balance failure frequency changed as a function of

testing condition (Tables 1 and 2). Analysis of variance
for repeated measures showed a statistically significant
main effect for midsole thickness (F(1,24) = 7.36, P <
0.01) as well as for midsole hardness (F(2,48) = 17.9,
P < 0.0001). Although the interaction effect between
midsole thickness and midsole hardness was not statis-
tically significant, there was nevertheless a strong trend
(F(2,48) = 2.71, P < 0.07). Thus, the detrimental effect
of greater thickness of the midsole when it is softer is
clearly evident by the increase in frequency of balance
failures in all subjects (Figure 4).

Post hoc t test revealed a significant positive relation
between midsole thickness and balance failure fre-
quency (thin mean = 7.61, SE = 0.93; thick mean =
9.22, SE = 1.07; t = 2.66, P < 0.004). In other words,
the thicker midsoles caused a greater frequency of
balance failures than the thinner midsoles. A signifi-
cant negative relation between midsole hardness and
balance failure frequency (A 15 vs A 33 (t = 4.84, P <
0.0001), A 15 vs A 50 (t = 5.58, P < 0.0001); A 33 vs
A 50 (t = 1.65, P < 0.05)) was also obtained, indicating
that the softer midsole was associated with the higher
frequency of balance failure.

Comparing balance failure frequency when wearing
experimental footwear to when barefoot (table 1), there
was a significantly lower frequency of balance failures
when shod compared with the barefoot condition
(combined mean shod 8.42 (min 0, max 37, SE 0.71);
barefoot: 16.26 (min 1.2, max 38.5, SE 2.43; t = 5.33,
P < 0.0001).

TABLE 1. BALANCE FAILURE FREQUENCY FOR
VARIOUS CONDITIONS

Condition Description* Mean SE

(1) Shoe 15 Thin 10.1 1.72
(2) Shoe 33 Thin 6.7 1.69
(3) Shoe 50 Thin 6.0 1.33
(4) Shoe 15 Thick 13.6 2.32
(5) Shoe 33 Thick 7.7 1.42
(6) Shoe 50 Thick 6.3 1.37
(7) Barefoot 16.3 2.43

* The numbers in this column represent the hardness of the midsole
material using an A scale durometer, and the two thicknesses of the sales
of the shoes are represented by the labels thick and thin (see Figure 2 for
dimensions of sale materia/).

15

o~---.----------.---------.-----
15 33 50

Midsole Hardness (Shore A)
FIGURE 4. Plot of balance failures (falls from beam) as a function
of midsole hardness for two sale thicknesses and barefoot conditions.
Mean is bracketed by standard error. The durometer used was
manufactured by Shore Inc.

There was a significant correlation between subjects'
age and balance failure frequency (r = 0.0251, P <
0.0004) as well as subjects' height and balance failure
frequency (r = 0.206; P < 0.003). No significant relation
between subjects' weight and balance failure frequency
(r = 0.1733; P < 0.200) was observed.

Three pairs of experimental footwear accounted for
all judgments of maximum comfort. Nineteen subjects
judged A IS-thick to be maximally comfortable, four
subjects so judged A 50-thick, and two subjects so
judged A 50-thin. Chi-squared for maximal comfort
thus showed highly significant differences based on
shoe construction (x2 [5dfJ = 81.7, P < 0.0001).

DISCUSSION
Postural instability has been assessed in many ways,

but few methods other than the balance beam examine
balance during locomotion, the context of most falls.
Several methods involving beams have been reported
and validated through detection of individuals with
nominal vestibular dysfunction or induced disequil-
ibrium via calorics.P: 16 Variations can be distinguished
mainly by the variable used to infer stability. For
example, relative stability has been quantified as the
narrowest beam from a scale of beams of varying
widths, as narrow as 1 em, a subject could negotiate
without falling. 17. 18 We decided against using beams
of varying widths, because contending with extremely
narrow beams seemed too dissimilar to balance
stressors encountered during normal locomotion.

TABLE 2. PROBABILITIES OF DIFFERENCES BETWEEN CONDITION PAIRINGS

.00015 thin
33 thin
50 thin
15 thick
33 thick
50 thick

.000
NS

Condition* 33 Thin 50 Thin 15 Thick 33 Thick 50 Thick Barefoot

.003

.000

.000

.020
NS
.010
.000

.002
NS
NS
.000
.020

.001

.000

.000
NS
.000
.000

* alpha level for significance was considered 0.05.
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Other investigators postulate that higher average
velocity (distance travelled/time) down a beam indi-
cates improved stability 12, 19 This assumption may be
unsound because various investigators have found oth-
erwise. For instance, Cinelli and Depaepc" report that
normal eubjecte tra vel further on a beam before losing
balance than lllarning disabled subj!lcts, yilt disabled
subjects were not slower. Furthermore, we found that
when unstable, many subjects would indeed move
more slowly, but others accelerated, trying to reach the
beam end before having to fall off laterally. In this
case, increased average velocity obviously was not
indicative of stability.

Because of the above considerations, we chose to
control velocity through pacing and used balance fail-
ures/distance travelled on the beam as a measure of
stability. Since we found a significant relation between
age and stability in a sample of older individuals, which
was smaller and more homogeneous in terms of age
(SE = 1.08 years) than in previous reports, we feel that
our methodological choices of using a dynamic
method, balance failures as the measure of stability, a
wide beam, and controlled velocity made for sensitivity
stability testing.

Balance failure frequency was 128 percent higher
when subjects wore the shoe inducing the poorest
stability compared with wearing the best. With this
degree of variance, significant differences in stability
in relation to footwear hardness and thickness would
be anticipated and were found.

With regard to the hypothesis we tested, our data
invalidate it but support its antithesis, namely, foot-
wear midsole thickness is negatively associated with
stability, and midsole hardness is positively associated
with stability. Clearly, footwear midsole hardness and
thickness, in the range used in today's footwear, affects
stability in healthy ambulatory late middle aged and
elderly men.

Four pairs of shoes were associated with superior
stability and did not differ significantly from each
other: A 33-thick, A 33-thin, A 50-thick, and A 50-
thin. A 50 hardness midsole provided the best stability.
Stability with the softest midsoles (A 15) was subopti-
mal at both thicknesses.

It should be noted that instability induced by even
the most destabilizing shoe was not detectable by
subjects when walking freely on the floor of the labo-
ratory, but became apparent instantly upon mounting
the beam. This observation is consistent with current
concepts related to fall causation: ie, falls are usually
accounted for by several destabilizing environmental
factors, which in the case of our experimental system
were footwear and beam, acting concurrently. Accord-
ingly, since additional destabilizing influences are not
present when fitting shoes in shops, individuals do not
quantify footwear-induced instability before purchas-
ing shoes and may only become aware of this problem
at brief moments, often too late, when falling.

The elderly individual faces a dilemma when choos-
ing footwear incorporating yielding soles. Hardness of
expanded polymer material used in most available
footwear is A 25, which this experiment shows desta-

bilizes older men. Furthermore, neither the individual
nor sales personnel can provide sole hardness values,
because product labeling does not contain thts infor-
mation, and hardness testing cannot be performed
accurately on the assembled shoe. This is because these
materials possess a significant "edge effect," whereby
they resist compression less at their edge than at their
center, and, aB a result, measurements taken near the
outside edge are erroneous.l" Because of this, we be-
lieve that shoes with thick, soft expanded polymer
midsoles should be avoided by the elderly at least until
both standardized product testing and labeling provide
results of stability testing with the product and infor-
mation about midsole material hardness and thickness,
so as to permit estimation of anticipated stability with
their use. We recommend thin, hard-soled footwear,
such as those constructed with leather or hard rubber
sales, because the present experiment suggests that
superior stability can be anticipated with them.

The most striking finding from this experiment was
dismal stability when subjects were barefoot, which
was associated with a balance failure frequency 171
percent greater than the shoe affording the best stabil-
ity and 19 percent greater than with the shoe with the
poorest performance. We are not aware of a previous
report indicating substantially impaired stability in late
middle aged and elderly men when barefoot, and this
clearly requires further confirmation through epide-
miologic studies. However, even on the basis of our
report alone, considering that dynamic balance was so
poor when barefoot, it might be sensible for physicians
managing elderly patients with a history of falls to
suggest that he or she avoid barefoot locomotion com-
pletely, and wear footwear with hard soles at all times
when upright. Presumably, this should include avoid-
ing soft-soled slippers at home. The use of soft-soled
footwear or bare feet when going to the bathroom at
night may in fact explain the unusually high incidence
of falls under these conditions."

Our experimental design does not allow quantifica-
tion of factors that could cause poor stability when
barefoot. Notwithstanding this, we observed that those
individuals with the greatest difficulty in balancing
when barefoot were unable to plantar flex their digits
so as to make contact with the surface. Presumably,
the intrinsic and extrinsic muscles that plantarflex their
digits have become rigid from disuse, with the foot
becoming molded to the shape of their shoes. We are
in the process of investigating the relation between
pressure applied by digits and stability when barefoot.

Many older individuals choose footwear with soft,
thick midsoles, based on the previously untested notion
that these shoes offer improved comfort over hard-
soled shoes. Stated more analytically, anecdotal
impressions of users suggest a positive relation between
midsole thickness and comfort and a negative relation
between midsole hardness and comfort. This assump-
tion is supported by our subjects' comfort rating, which
identified the shoe with the softest and thickest mid-
sale, A 15-thick, to be most comfortable (P < 0.0001).
However, none of the six pairs were judged to be
particularly uncomfortable.
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Since 92 porcont of tM shoes judgpd most LUIIl[orL-
able had thick mideolce, and 76 percent had tho softest
midsoles, the sole material property that was probably
responsible for increased plantar comfort was the mid-
sole material's ability to doform so as to conform to the
foot on loading, which distributes load more evenly. If
this is correct, it might be possible to select a thin,
hard-soled shoe of comparable comfort if care is taken
to assure CI "good fit." This might be time consuming
when compared with finding comfortable soft-soled
shoes that can conform to almost any shape when
loaded. Nevertheless, properly fitting thin, hard-soled
shoes, though more difficult to find, have the more
important advantage of stability.

The beam-testing method offers advantages over
most other tests of balance. The equipment is simple
and can be used in any office, which addresses what
we feel is a justified criticism by Wasson et al of
previously used balance testing methods, namely that
they are inappropriate for clinical settings." This
method is dynamic, which responds to concern voiced
by some authors about the risk of inferring suscepti-
bility for falls in the elderly, which usually occur during
locomotion, which is dynamic, based on static testing
results." Also, the beam method allows performance
to be quantified objectively by counting falls from the
beam in relation to distance travelled, whereas most
testing methods use a subjective rating, which is vul-
nerable to error from observer judgments.": 22 Further-
more, as noted above, the beam method is also a
sensitive measure of stability. With these benefits, we
feel that this method deserves consideration when the
need arises for a clinical stability measuring tool.

One limitation of this study is shared by all experi-
mental stability testing methods. Locomotion during
stability testing, which in this case is on a beam, differs
from locomotion under the conditions where older
people fall and injure themselves. Epidemiologic con-
firmation of greater fall frequency when older individ-
uals are barefooted or wearing shoes with soft thick
midsoles is now required to further solidify this exper-
iment's conclusions. Furthermore, our results apply to
late middle-aged and elderly males only, although
preliminary results with elderly women show a similar
pattern, but a slightly different one in younger subjects.
Additionally, these data suggest that footwear optimi-
zation is possible with respect to stability in the elderly,
but they are insufficient to predict exactly which mid-
sole hardness and thickness is optimal. Likewise, there
are probably other characteristics of footwear that af-
fect stability that this experiment makes no attempt to
address, such as sole flare.

How do yielding layers destabilize older individuals?
Robbins and GOUW23,24 hypothesized that thick, soft
midsole material destabilizes either by rapid ankle an-
gulation in the medial-lateral plane caused by material
compression, which is accentuated by the "edge effect"
as described above, or by sensory insulation caused by
the yielding material distributing load more evenly
across the plantar surface, or both. The improved sta-
bility with thin, hard midsoles, as shown in this exper-
iment, is consistent with either explanation. Experi-
ments are under way that may clarify this issue.
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In conclusion, footwear with thick, soft mtdcolos
compo!:ed of expanded polymer foam io an external
Factor that destabilizes late-middII;!-aged and elderly
men according to validated experimental methuds, and
barefoot locomotion impair" etability even more than
shoe differences. The following conservative recom-
mendations seem prudent. For older individuals, foot-
wear with thin, hard soles is preferable to running
shags and similar types of footwear. Barefoot locomo-
tion should be minimized in older unstable individuals.
This experiment identifies a need for additional work
directed at optimizing footwear in terms of stability for
use by older populations.

ACKNOWLEDGMENTS
We thank ASICS Corporation for supplying the large

number of pairs of custom made footwear which were
used in this experiment.

REFERENCES
1. Ferrandez A, Pailhous J, Durop M. Slowness in elderly gait. Exp Aging

Res 1990;16:79-89.
2. Sheldon [H. The effect of age on the control of sway. Gerontol Clin 1963;

5:129-138.
3. Woollacott MH, Shumway-Cook A, Nashner LM. Postural reflexes and

aging. In: Mortimer [A, Pirozzolo F], Maletta Gj, eels. The Aging Motor
System. New York: Praeger, 1982, pp 98-119.

4. Woollacott MH, Shumway-Cook A, Nashner LM. Aging and postural
control: Changes in sensory organization and muscular coordination. Int 1
Aging Hum Dev 1986;23:97-114.

5. Sheldon JH. On the natural history of falls in old age. Br Med 1 1960;4:
1685-1690.

6. Gabell A, Simons MA, Nayek USL. Falls in the elderly: Predisposing
causes. Ergonomics 1985;28:965-975.

7. Tideiksaar R. The biomedical and environmental characteristics of slips.
stumbles and falls in the elderly. In: Gray BE, ed. Slips, Stumbles, and
Falls: Pedestrian Footwear and Surfaces. Philadelphia: ASTM, 1990, pp
17-27.

8. Wolf-Klein GP, Silverstone FA, Basavaraju N et al. Prevention of falls in
the elderly population. Arch Phys Med Rehabil 1988;69:689-691.

9. Wasson JH, Gall V, McDonald R et al. The prescription of assistive devices
for the elderly: Practical considerations. 1 Cen Intern Med 1990;5,46-54.

10. 5udarsky L. Geriatrics: Gait disorders in the elderly. N Engl 1Med 1990;
322:1441-1446.

11. Crabiel A, Fregly AR. A new quantitative ataxia test battery. Acta Oto-
Laryngol 1966;61 :292-302.

12. Assaiante C. Marchand AR, Amblard B. Discrete visual samples may
control locomotor equilibrium and foot positioning in man. 1 Mot Behav
1989;21:72-91.

13. Winter DA, Patla AE, Frank J5 et aJ. Biomechanical walking pattern
changes in the fit and healthy elderly. Phvs Ther 1990;70:340-347.

14. A5TM. Standard test method for rubber prop'erty-durometer hardness.
Annual Book of ASTM Standards. Philadelphia: ASTM, 1988, pp 596-
600.

15. Fregly AR. Vestibular ataxia and its measurement in man. In: Kornhuber
HH, ed. Handbook of Sensory Physiology: Vestibular System. New York:
McGraw-Hill, 1974, pp 321-360.

16. Fregly AR, Graybiel A. Labyrinthine defects as shown by ataxia and caloric
tests. Acta Oto-LaryngoI1966;69:216-222.

17. Heath SR. The military use of the rail walking test as an index of locomotor
coordination. Psych Bull 1943;40:282-284.

18. Newsome BD, Brady JF, Goble GJ. Equilibrium and walking changes
observed at 5, 7'h, 10 and 12 RPM in the revolving space station simulator.
Aerospace Med 1965;36:322-326.

19. Vernon JA, McGill TE, Gulick WL et al. Effect of sensory deprivation on
some perceptual and motor skills. Perc & Mot Skills 1959;9:91-97.

20. Cinelli B, Depaepe JL. Dynamic balance of learning disabled and noridis-
abled children. Percept Mot Skills 1984;58:243-245.

21. Mathias 5, Nayak USL, Isaacs B. Balance in elderly patients: The "Get-up
and Go" Test. Arch Phys Med Rehabil 1986;67:387-389.

22. McClaran J, Forette F, Golmand J et aJ. Two faller risk functions for
geriatric assessment unit patients. Age 1991;14:5-12.

23. Robbins SE, Gouw GJ. Athletic footwear and chronic overloading: A brief
review. Sports Med 1990;9:76-85.

24. Robbins SE, Gouw GJ. Athletic footwear: Unsafe because of perceptual
illusions. Med Sci Sports Exerc 1991;23:217-222.


